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COMPRESSED AIR FOR STREET-CARS. 
By General Herman Haupt, C. E£. 


N view of the objections to the overhead electric system for 

] propulsion of cars on surface roads in cities, the annoyance 

from tearing up streets and the cost of plant and maintenance 
of the cable lines, the expense of horse power, with the sanitary 
evils resulting from the location of stables in populous cities, the 
fact that pneumatic motors, after a successful demonstration of 
their superiority, have been largely overlooked seems inexplicable. 
These motors not only are entirely free from the objectionable 
features of the other systems, but they furnish a mode of propul- 
sion which is more safe and more economical than any other with 
equal velocity of transit. These assertions are made advisedly and 
are based on actual demonstration. 

In 1878 and 1879 five pneumatic motors were constructed upon 
the plans and under the supervision of James Hardie, Mechanical 
Engineer, and were run for several months on the Second-avenue 
railroad in New York with perfect success. In 1879 the writer was 
called upon in the interest of proposed investors to investigate and 
report upon the practicability and expediency of using pneumatic 
power for street railroads. ‘The comparative results were over- 
whelmingly in favor of motors of this class, but all attempts to se- 
cure their general introduction at that time proved failures. 

The position taken by the officers of horse-railroad companies, 
both in New York and Philadelphia, was that any car running along 
city streets without horses in front would frighten horses, cause 
runaway accidents and subject companies to suits for damages. 
This objection of course applies with much greater force to the 
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cable and trolley systems, which are accompanied by a loud hum- 
ming noise, while the pneumatic motor can have a noiseless ex- 
haust; but no argument or explanation availed in the face of this 
senseless objection. One railroad president declared that if the 
motor were adopted by his company it would be necessary to kill 
some of his old horses, stuff the skins and mount a pair of them 
on a low truck in front of each car ! 

The attempt to introduce pneumatic motors was thus found to 
be premature in 1879. The company could make no progress and 
finally abandoned all effort, losing the capital expended in plant 
and demonstration, and no attempt to revive the motor has since 
been made. But the engineer and inventor, Robert Hardie, now 
in the service of the mechanical department of the Columbian 
Exposition at Chicago, retains unshaken confidence in the supe- 
riority of the pneumatic motor. 

Conditions existing now seem favorable for the introduction of 
a motor which, free from the objections to all other systems, with 
no new defects of its own, may be considered as perfect. No fears 
are now entertained that a car running without horses in front will 
make a stampede of all equines on the streets traversed, and this 
in 1879 was the only reason urged in opposition to the introduction 
of the pneumatic motor. It is possible, therefore, that a few ex- 
tracts from the report made in 1879 may be of interest at this time. 

The compression-plant was located in Harlem in New York, on 
the line of the Second-avenue railroad. It developed 66 horse- 
power and charged the cylinders under a car with compressed air 
in seven minutes. With proportionately larger plant not more than 
one minute would be required. The report of Mr. Hardie stated 
the capacity of the cylinders under the seats at 17,000,000 foot- 
pounds of work, capable of running a car sixteen miles on a level. 
The effect of the compressed air was greatly increased by passing 
it through a tank of hot water at the temperature due to 80 pounds 
pressure. The tank hada capacity of five cubic feet and was placed 
on the side of the platform. 

The writer has not at hand a copy of his full detailed report, but 
only an abstract of some of the results, which will be given here. 

A duty of nearly 50 per cent. of the horse-power used in com- 
pressing air can be secured from the expansion and utilization of 
dry air when compressed; and, by using stationary, compound or 
condensing engines, four times the power can be obtained with a 
given cost of fuel, as compared with ordinary steam-motors, which 
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more than counterbalances the loss in compression. By the ad- 
dition of a heater and passing the air through hot water an increase 
of nearly 100 per cent. power can be secured at a merely nominal 
cost. 

On a straight and level road, with 160 cubic feet of*air in the 
reservoirs, under an initial pressure of 350 pounds, the motor would 
run seven miles with a reserve of one-third left in the reservoirs on 
its return. This result assumes that the amount of air expended 
at each stroke is equal to a full cylinder of air expanded to atmos- 
pheric tension, but actual work has demonstrated an ability to run 
ten miles with a single charge, proving that less than this quantity 
is sufficient. The back pressure which would result from working 
against a vacuum is relieved by suction valves in the exhaust pas- 
sages. 

In descending grades the motor cylinders act not only as brakes, 
but also as air-pumps, and have power to pump back into the 
reservoirs, against a pressure of 200 pounds, sufficient air to raise 
the gage-pressure seven pounds in running 2100 feet, and restore 
sufficient air, when heated, to run the motor half that distance upon 
a level. By this remarkable contrivance power can be stored on 
descending grades. The down-hill portions not only use no power, 
but give back a portion of that which was expended in ascend- 
ing. 

The compressed air can be used expansively to any extent, and 
cut off at any part of the stroke. It can act as a brake, or the 
motor can be instantly reversed, and the braking apparatus is ex- 
ceptionally complete and satisfactory. 

The power of an eight-ton motor is sufficient to propel three 
cars on a straight and level road. With full power in the motor 
cylinders and full adhesion on the rails the motor can overcome 
grades of 300 feet to the mile. 

Although, during a run, the pressure in the reservoirs is con- 
stantly diminishing, yet, by means of a reducing valve, the work- 
ing pressure in the motor cylinders is maintained at a constant 
limit. 

Each motor, allowing for increased speed, would take the place 
of ten or fifteen horses, the cost of which would about equal the 
cost of the motor, $1500. 

The system would be particularly adapted to suburban localities 
and would afford better facilities for rapid transit than are now af- 
forded by elevated roads, for while the speed would be equal to 
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twenty miles or more per hour, the stops need not be limited to 
stations, but could be made at any point. 

With the small class of motors, three cars, or two in addition to 
the motor, can ascend grades as steep as any usually found on 
horse railroads, This is a point of the greatest value for public 
accommodation. It will enable a company to utilize all its old cars 
and supply additional cars at the hours when the rush of travel 
requires them without additional expense for power or conductors. 

The Delamater Iron Works offered to supply a compression 
plant of sufficient capacity to charge one car per minute for 
$20,000. 

Compressed air can be transmitted to any distance without loss 
except for friction in pipes. If pipes are large and velocity lowthe 
loss will be inconsiderable. Several lines could therefore be op- 
erated from a large central plant and in many localities natural 
water-powers could be utilized to compress air and the com- 
pressed air transmitted by pipes to charge motors, generate 
electric currents, or drive machinery by direct application to cyl- 
inders. 

To charge motors at a central station a nozzle between the 
tracks and a short piece of pressure-hose to screw on to the air 
reservoir is all that would be required to connect with reservoirs 
located in a building. It would not be necessary to run the cars 
into a house to renew the air-supplies. 

The running expenses are less than one-half—in fact, the esti- 
mate shows less than one-third—the cost of horse power. The 
motors run without noise, ashes or smoke, are perfectly under con- 
trol and would furnish the best possible power to operate elevated 
railroads: Skilled engineers are not required. An ordinary car- 
driver can be taught to run an engine in a single trip. 

No flues can be burned or boilers exploded though carelessness, 
and as air-reservoirs last indefinitely, explosions in transit from 
causes which render steam dangerous are impossible. Even if an 
explosion should occur by a rupture it would be while charging the 
reservoir at the time of maximum pressure and not in transit, and 
the air would simply escape with a hissing sound ; cold, not heat, 
would result from the expansion. 

The car acts as its own governor and no more air can be used 
than is necessary to overcome the resistance ; there can be no waste. 
There are no horses in front to obstruct a clear view of the track. 
At a speed of twelve miles per hour the motor can be stopped ona 
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level within its length, and the braking apparatus cannot get out of 
order so long as the motor can move at all. P 

The pneumatic motor would be peculiarly adapted to under- 
ground roads, as the escape of pure air would assist in the ventila- 
tion, but it is the best possible for all urban or suburban roads, 
whether elevated, surface or in tunnels. 

In this paper results only have been given, but the full report 
made in 1879 gives the facts upon which the conclusions have been 
based. 

A detailed estimate was made from data furnished by the oper- 
ations of the Second-avenue railroad and a comparison of cost of 
operation by horse power and by the pneumatic motor. In this 
estimate it was assumed that a compression plant was located at 
each end of the route, requiring double the expenditure for plant 
and double the expense of operation over a single plant located in 
the middle of the run, which would answer just as well. The esti- 
mate for pneumatic power was designedly made in excess, so that 
errors would be on the safe side, and the cost of horse power was 
from actual results on the Second-avenue railroad. 

On the basis of 16,000,000 passengers carried on this road in 
1878, the year previous to the report, the actual results of operation 
by horse power were : 


Running expenses per passenger in 2.88 
Estimate by pneumatic motor.... 0.93 
Cost per passenger by horse power, including general expenses 

Estimate by use of pneumatic motor........... 2.57 


The dividend was $72,000=0.45 cents per passenger. 


The conclusion from the data furnished was that a very small 
increase in the number of passengers would permit the company to 
sell ten tickets for 25 cents and still pay fair dividends upon the capi- 
tal invested, besides furnishing a rapid transit the speed of which 
would be limited only by considerations of safety. 

But all these demonstrations and representations, backed by 
the very strongest indorsements of the daily press in New York and 
by the actual running of five motors daily for a period of several 
months, availed nothing against the senseless cry, ‘It will scare 
horses,” or, “ The motor cannot be run unless we put stuffed horses 
in front of each car.” It is true that horses on the opposite track 
did at first prick up their ears, look at the motor and shy a little, 
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but they never gave any trouble and soon became accustomed to 
it, and no case of a runaway accident with street vehicles was heard 
of, but prejudice, which proved all powerful to exclude the pneu- 
matic motor at that time, did not prevent the introduction of the 
trolley and cable systems very soon afterwards. 
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MORE OF THE MISSISSIPPI PROBLEM. 


1.—THE LEVEES INDISPENSABLE. * 
By Chauncey N. Dutton. 


T is evident that the writers of two recent articles in this maga- 

zine touching upon the improvement of the Mississippi river— 

Mr. William Nelson Black and “ A Southern Engineer ’’—have 

jumped at conclusions in a very reckless way, A careful study of 

the phenomena of the Mississippi plainly shows certain facts, among 
them these : 

Unless the levees below Natchez are maintained the greater part 
of Louisiana must be abandoned and revert to trackless swamps. 

Every division of the current of the Mississippi has been an evil 
unmixed with good. Every outlet has worked injury, caused de- 
terioration of the main channel and increased the height of the flood 
wave and its dangers. 

No good and permanent improvement of the lower reaches of 
the Mississippi is possible without the use of artificial banks—levees 
and jetties—which shall safely confine a// the water of the river to 
one channel and discharge it into the gulf by one narrow deep 
mouth upon the line of least resistance. The guiding principle 
announced by the Mississippi River Commission, that the river must 
be confined to one narrow channel, is most undoubtedly correct. 


ANCIENTLY the edge of this continent was about where the five- 
fathom curve now lies in the Gulf of Mexico, and the Mississippi 
flowed in a bed now buried many feet under the alluvium. A 
cataclysm depressed the continent so that the coast retreated to 
what are now the high lands, and the Mississippi found its mouth 
at or near Cairo, Illinois, the present alluvial valley being the bot- 
tom of a great estuary extending some 600 miles into the continent. 
_ During this period the alluvium (loess) of the valley was deposited 
on the floor of theestuary. A succeeding cataclysm raised the con- 
tinent so that its ancient edge is but five fathoms or thereabouts 
below the gulf level, and the floor of the great estuary is a wide 
alluvial plain, having a fall from Cairo to the Gulf of about six inches 
tothe mile. This fall being so slight, the whole structure of the 
alluvial ground so featureless and so unstable, and the discharge of 
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the river so vast and so irregular—varying from 160,000 to 1,800,- 
ooo cubic feet per second and reaching a total of 202 cubic miles 
per year—the required conditions of regimen and stability of chan- 
nel must be made by art. 

Examination of the country shows that the river has curved its 
channel from one side to the other of the alluvial plain and has 
nowhere found conditions of stability except where man has aided 
by building levees, and that where the levees have been built longest 
and strongest and best maintained, there the channel is deepest, 
most regular and least liable to change. On the other hand, 
wherever crevasses and outlets have occurred, the channel has been 
shoaled up, the banks have been destroyed and the dangers from 
erosion and from flood increased. The most startling of these 
changes is that due to the Atchafalaya outlet, the progressive results 
of which upon the lower river now threaten the existence of New 
Orleans. The Mississippi Commission is more open to criticism for 
permitting the demands of a few steamboat captains to prevent 
them from closing the Atchafalaya than on any other point. The 
maintenance of a single channel made the Mississippi more than 
100 feet deep at and above New Orleans, sinking the river bottom 
far below gulf level; the Atchafalaya outlet has shoaled it very 
materially, and raised the flood height several feet. What then 
might be expected from an outlet through Lake Pontchartrain as 
suggested by “A Southern Engineer”? There can be no doubt 
that it would practically destroy the present lower river by silting 
it up, and raise the flood height ten feet or more, and in course of 
time extend the delta much farther than even ‘A Southern Engi- 
neer ”’ would considerable desirable. An outlet to the East into 
Mississippi Sound would debouch the river into very shallow water 
upon the siightly-submerged bench of the old continent. It would 
be trying to make water run without fall and to followa circuitous 
route where now, after rounding English Turn, it flows in a nearly 
straight line; and the ultimate greater length and crookedness of 
channel would multiply several times the head necessary to carry 
the water into the Gulf, making Louisiana one vast swamp and 
closing the Mississippi to commerce. 

The writers quoted desire a delta. Can they name a single 
river discharging through a delta which is not a breeder of swamps 
and fevers, a menace to the inhabitants of its alluvial district, and 
a puzzle to engineers? The delta should be abolished altogether, 
and all the waters of the valley should be discharged through one 
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deep, narrow mouth. A stated quantity of water will be discharged 
through one large pipe with very much less head than thrgugh a 
number of small ones of equal length and equal total area. 

That the laws of nature apply to the Mississippi the same as to 
other streams is proved by the fact that the slope through the delta 
is rather more than seven times the slope of the river between Head 
of Passes and Bayou Sara. The inference is plain that the im- 
provement of the Mississippi should begin at the Gulf ; and the 
first step should be the construction of parallel jetties confining 
the river to a width of not over 3000 feet. From deep water at 
say, the five-fathom curve, the artificial banks should be made con- 
tinuous, without the possibility of breaking, up to Natchez, and 
along the Red, Black and other rivers discharging into the section 
of low slope. The Atchafalaya and every other outlet should be 
closed and kept closed. It is capable of demonstration that this 
measure would in time render levees unnecessary above Natchez, 
if supplemented by bank-protection and grading and straightening 
the river. 

The proper location of the mouth of the Mississippi is at or 
adjacent to South Pass. The line of greatest fall of the sub- 
merged bench of the old continent is the line of least resistance to 
the discharge, and on this line the river has built itself from Eng- 
lish Turn to Head of Passes. A line continuing this stretch across 
and at right-angles to the contour lines of the gulf-floor passes to 
the northeast of the mouth of South Pass, crossing Garden Island 
Bay. The fall from Cairo to the five-fathom curve is about six 
inches to the mile; from the five-fathom curve outward the fall is 
go to 100 feet and upward per mile. ‘The river built to the edge 
of the old continent ; man must step in and finish the work upon 
the lines laid down by nature. 

The distance from Head of Passes to the proper deep-water 
mouth is about ten miles. The present slope through the delta is 
about seven times the slope from Head of Passes to Bayou Sara. 
To confine the river to one deep narrow mouth on the line of least 
resistance will abolish the delta, make the slope uniform from the 
mouth to a point in the vicinity of Natchez, and reduce the river 
heights throughout the alluvial region, the corrected height at 
Natchez being about the present height at Bayou Sara; and the 
right beginning being made, the good work will go on up the river 
until the entire river from Natchez to Cairo will be so far sunk 
below the surface of the country that levees will be unnecessary in 
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that section. It is a simple proposition that since the country 
slopes six inches per mile, and the river, in its lower reach, can 
discharge its maximum volume with a slope of 14 inches per mile, 
therefore reckoning up-stream, the elevation of the land will gain 
relatively to high-water mark at the rate of 44 inches per mile; 
and in 100 miles the banks will have gained 374 feet in elevation, 
and in a given number of miles reckoned from the intersection of 
the plane of original slope of the country with gulf-level, the 
banks will have become high enough to safely retain the flood- 
wave. 

The section of low slope of the Mississippi now begins in the 
vicinity of Bayou Sara, 269 miles by the river from the five-fathom 
curve at the proposed new mouth; and the head gained by the 
reduction of slope which will follow the abolishment of the delta 
by discharging the river through a single narrow mouth on the line 
of least resistance, will extend the section of low slope to the 
vicinity of Natchez, roo miles further up-stream, and that without 
straightening the channel at all between Natchez and Carrollton. 
The flood height at Natchez under the improved conditions will 
not much exceed 46 feet; and since the country thereabouts 
averages 60 to 65 feet in elevation, the natural banks will be 15 
to 20 feet above high-water, and levees will be unnecessary. 

Above Natchez the slope of the river is necessarily greater, the 
average between Natchez and Cairo being 4.428 inches per mile at 
high-water, the actual difference between high-water marks being 
258.3 feet. The air-line distance between the two places being 400 
miles and the distance by the river 700 miles and the crooked and 
irregular channel necessitating slopes in some places of over seven 
inches, exceeding the slope of the land, it is obvious that the river 
must be straightened in order to keep it in its channel without the 
aid of levees. The worst bends occur between Natchez and Mem- 
phis, and all the straightening can be done between those two 
points, although I should advocate cutting off New Madrid bend. 
Fifty miles can be advantageously taken from the river’s length, 
making the total length from Cairo 1020 miles. 

The net result at Cairo would be to lower high-water mark from 
3214 to about 285 feet above tide. To lower the river to this 
extent will free from inundation nearly 30,000 square miles of 
land and drain and bring under cultivation over 22,000,000 acres 
of land now swamp, an area greater than the entire farm acreage 
of New England. The money value to be gained is about the 


. 
4 | 
i 
j 


MORE OF THE MISSISSIPPI PROBLEM. 627 


value of the entire State of Ohio. The sanitary result will be 
beyond computation in money units. sz 
Correlated with the work of channel-improvment in the lower 
Mississippi and codrdinate in importance is the development of 
reservoir-capacity upon the tributaries, both by making permanent 
reservoirs at convenient sites, and developing the channel-reservoir 
system and navigation at the same time by building movable dams. 


1l1.—THE YELLOW RIVER AND THE PO, 
By H. St. L. Coppée. 


HE article in the June number of this magazine entitled 
T “Impending Disaster on The Mississippi,” written by “A 
Southern Engineer,” brushes aside in nonchalant fashion all 
the accepted data and laws governing the action of the Mississippi 
river on which its improvements and regulations by normal con- 
traction (revetment and dikes) are based. Having had some little 
experience as an engineer on the Mississippi, in the construction of 
its dikes, I feel impelled to take to task this anonymous writer. I 
have no desire to write a long article in answer to the broad asser- 
tions made, but will simply call attention to a few facts. 

The approximate time of the greater annual rise and fall of the 
Mississippi river is well known. As on the Nile, at certain seasons 
high and low stages occur with considerable regularity, but with the 
advantage in this country that the people along the main leveed 
river are notified many days in advance of the coming changes by 
our efficient Signal Service, and can estimate approximately the 
duration and general effect of both flood and low-water conditions. 
The statement that the lower Mississippi, “from an almost slug- 
glish stream at times becomes a very hell of surging waters in only 
a few brief hours,” may be very fine rhetoric but it is not correct. 
The water rises sometimes two and three feet in twenty-four hours, 
but this is exceptional, and the velocity increases, but the visible 
change is perceptible only on close observation. In twenty- 
four hours a two-foot rise would hardly give an increase in mean 
velocity of three-tenths of a foot per second, the mean velocity 
being for mean stages between three and four feet per second and 
at flood but from five to six-and-a-half. 

“A Southern Engineer” continues: “ The writer has seen even 
a tributary river, the Tennessee at Chattanooga, rise fifty feet in a 
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short time; with this exhibition in memory it is easy to realize what 
a tremendous volume of water may be poured into the lower 
Mississippi, when a season of general rains has swollen all its tribu- 
taries to the point of overflow and danger.”” It happens, however, 
that during the recent floods, while the river from Cairo to the Gulf 
was full to within a foot or two of the top of the levees, excessive 
rainfall occurred all through the drainage area of the Missouri, 
upper Mississippi and Arkansas rivers, inundating for days a part 
of St. Louis, and numerous other cities and villages situated on 
these streams. What effect did this great combined rise and flood 
have on the Mississippi river at Helena, Arkansas, about a third of 
the way from Cairo to the Gulf, at the outlet of the great St. 
Francis Basin, where the river is confined to a small section between 
the hills on one side and levee on the other; or at Arkansas City, 
about 130 miles further down stream and just below the mouth of 
the Arkansas river? It did not cause the river to rise at either 
place one single half-foot. The fifty-foot rise noted above would 
have even less effect, being so remote from the main leveed river 
and occurring on a tributary of such comparative small discharge, 
and where the freshets are of such short duration, 

With regard to the statement that dikes or levees built along the 
shore must and do result in raising the bed of the river, and the ex- 
amples of the Po, Yellow river, etc., it is difficult to appreciate the 
purport of the article in question. It has been demonstrated by 
actual experiment that as the water rises in the Mississippi river 
the velocity increases until the top of the natural bank is reached ; 
if a further rise takes place and the water is allowed to escape 
laterally over the country, the velocity in the channel is checked. 
We know also that the ability of the river to carry sediment is due 
to its velocity. If this velocity is reduced the sediment will be 
dropped and less carried in suspension to the Gulf; this increase 
in deposit raises the bed of the river and builds up the adjacent 
banks, very little sediment being carried far into the back country. 
Thus the general profile of cross section of the river will gradually 
rise and has risen where not leveed. Where levees confine the river 
at flooded stages toa normal width the reverse is the case. It is 
‘not claimed by the advocates of the levee and contraction system 
that there will be an appreciable or immediate lowering of the bed 
of the river by carrying out the levee feature of their plans. That 
it will take many years before a decided general effect of that kind 
will be reached is fully appreciated ; but that the opposite effect or 
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the raising of the bed to any measurable amount in centuries to come 
will take place is not admitted, arguing from history and the experi- 
ence on other rivers of a similar regimen. Take for examplé the 
very rivers noted by “ A Southern Engineer "’—the Po, the Rhine, 
and the great Yellow river of China. A fewextracts from the testi- 
mony of General Comstock, given before the Committee on Com- 
merce of the United States Senate, Marck 13 and 14, 1890, will be 
sufficient to show the effect, or rather non-effect, of levees on the 
bed of these rivers. General Comstock, President of the Mississippi 
River Commission and an officer of the Engineer Corps of the 
Army, is certainly the most profoundly learned engineer in America 
as regards alluvial rivers and the Mississippi in particular. He 
testifies : 

‘*The statement is often made that leveed rivers raise their beds higher and 
higher as levees are raised, and hence that levees will give no permanent relief 
against overflow, These statements are usually made * * * probably without 
any knowledge of the facts of experience. * * * The river Po has long been 
leveed, and it is often stated that its bed has risen largely in consequence of levees. 
The following data will show how unfounded is the statement that the bed has 
risen by amounts that are of much importance: At the revival of civilization the 
levees on the Po were compiete and continuous from Cremona to the mouth of the 
Oglio, 94 kilometers, or 58.4 miles. About A. D. 1300, they were carried far- 
ther down the river and in the succeeding centuries to near its mouth. In the pres- 
ent century levees have been systematized as toheight. Four hundred kilometers, 
or 24814 miles, were below the flood of 1872. Atthe end of 1877 it was expected 
to reduce this to about 30 kilometers, or 18 miles. [Cenni Monografici sull’ idraulica 
fluviale in Italia. Roma, 1878.] Zendrini in 1720 observed an extreme low water 
at Ponte Lagoscuro, only .36 foot less than that of 1817; and at the dam of 
Governolo, near the mouth of the Mincio, the river was 1.3 feet lower than a stage 
of water of 1609, declared by Bardazzoli to be marvelous [Lombardini, Notizii]. 

‘« The ‘ Cenni Monografici’ gives the following : 


PONTELAGOSCURO. 
y Mean Lowest Mean Highest | Maximum High | Minimum Low 
— Water. Water. Water. Water. 
M. Ft. M. Ft. M. Ft. M. Ft. 
1807-1825 3.28=10.4 7.42=24.3 8.62=28.3 0.38=1.3 
1826-1850 3.26=10.3 7.38=24.2 8.96=29.4 0.72=2.3 
1851-1875 3.19=I10.1 7.39=24.2 9.32=30.5 0.62=2.0 


‘The above gage-readings, which have been only kept since 1807, show that 
there has been no important rise of the bed of the river (since that could not rise 
without raising the low-water surface) at Pontelagoscuro in the sixty-eight years cov- 
ered, andin connection with Zendrini’s observations show that there has been no 
probable rise of any importance since 1720, although the raising of levees has been 
going on during this period. Lombardini [Dei Congiamenti del Po, 1852, p. 17] 
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examines this question for points above Pontelagoscuro, which itself is 92 kilome- 
ters (57 miles) from the mouth of the Po. He concludes that at Ostiglia, which is 
183 kilometers (114 miles) above the mouth, the bed appears to have risen a few 
decimeters (decimeter=3.9 inches) in a century, while at Governolo 15 kilometers 
(g} miles) above, it appears to have been stationary for four centuries. * * * 

‘*The Rhine is also a river which below Dusseldorf has long been leveed, 
and if levees raise the bed of a river here they should have produced their full 
effects, as they are rarely broken. Hagan [Wasserstande in den Preussischea 
Stromen, p. 12] carefully examined the gage-readings at Cologne, from 1846 to 
1879, and at Dusseldorf, from 1800 to 1879, to detect changes in high- and low- 
water heights. Treating the gage-reading by the method of least squares, he 
found the most probable annual change in the water heights. At Dusseldorf he 
found that, with great probability, there was an annual sinking of the maximum 
high-water in each year amounting to 0.3 inch ; that the mean stage did not change, 
and that the annual lowest waters showed, with some probability, an annual rise of 
one-twelfth of an inch. For Cologne he found that, with great probability, the high 
waters had sunk, and the lowest waters had risen by about the same amounts as at 
Dusseldorf. A rise of one-twelfth of an inch a year, or eight inches in a hundred 
years, is so small as not to be an important matter in a system of levees, * * * 

‘It has often been asserted that the bed of the Hoang Ho, or Yellow river of 
China, has risen above the surrounding country where it is leveed. The error, 
originally due to Abbe Huc, has been repeated by English writers on China, The 
following extract from a letter to me by General J. H. Wilson, a very competent 
authority, gives reliable information on the subject : 


‘* * WILMINGTON, DEL., May 6, 1890. 


‘cc*® # * Tn reply I hasten to say that I crossed the Yellow river on the 
7th of January, 1866, near the city of Kai-fong-fu, in the province of Honan, 
and visited the site of the great break of 1853, about thirty miles below Kai- 
fong-fu ; also traversed its embankments or levees on both banks of the river, 
visiting and measuring them at various points between Kai-fong-fu and 
Chinau-fu, in the province of Shan-Toong, taking observations, notes and 
measurements, and having specially in view the repair and maintenance of 
the embankments, their present condition, and the effects produced by them. 
I had no instruments, however, except a hand-level, sextant and tape-line, and 
could take no accurate levels across embankments, bed of the stream, fore-shores, 
and adjacent plains, but the conclusion I came to in regard to the influence of the 
levees upon the bed of the river was that they had nowhere filled it to a higher 
level than the adjacent country. I had heard Father Huc’s narrative on that 
point, and I visited the place at which the river had left its old channel in 1853, 
leading to the sea south of the peninsula of Shan-Toong, and made itself an abso- 
lutely new one to the Gulf of Pe Chi Li, north of that peninsula. Between this 
place—known on the maps of Asia (Kirke;Johnson’s is the best) as Lung-mum-Ku— 
and Kai-fong-fu, the embankment was very large but it was near the latter place 
that the great break occurred two years ago. This was closed after incredible 
efforts and great expense and this river forced to resume its old channel, where it 
is now emptying itself, according to my advices of a few months ago, and where 
it will most probably continue to empty itself till it can find a shorter line, and 
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steeper declivity to tide-level. By referring to my little book on China (Appleton 
& Co.) you will get other details. 

‘* “Tn conclusion, I do not hesitate to say that [ cannot but believe that Abbe 
Huc was entirely mistaken in regard to the silting up of the channel, and that an 
exhaustive survey would prove beyond a doubt that no such silting as to raise any 
part of the bed above the adjacent country had ever taken place. Yours very truly, 

James H. Witson.’” 

It is hardly necessary to go further; the suggestions for the 
improvement of the Mississippi based on such principles as those 
offered by “ A Southern Engineer” are of little value. The outlet 
of a river known to be, by actual measurement in this country 
and abroad, the cause of the raising of the flood level ; cut-offs in- 
variably destroy valuable property, upset the general regimen of 
the river at points above and below, as well as in their immediate 
vicinity, in no way bettering either navigation or the riparian 
owner. 

Dike-building may be “rudimentary engineering,” but it has 
played an important part in the history of the world. It dates 
back to the ancient civilizations of India and Egypt. Great cities 
have grown up and flourished behind the protecting slopes of dikes. 
The Dutch raised a kingdom from the sea, and the northern Rhine, 
by their construction. To-day on the Mississippi river in a similar 
manner is being developed one of the richest agricultural countries 
in the world. The very railroads referred to by “A Southern 
Engineer,” that are being built “as fast as their construction can 
be promoted by enterprise and profit,” would not exist but for the 
protection promised by the levee system. 

The increase in levee efficiency and protection against overflow, 
and the benefit to navigation promoted already by the partial carry- 
ing out of the plans of the Mississippi River Commission and 
assisting riparian States, can be demonstrated in a very few words. 
The low-water crossings that were as shoal as 4 and 5 feet previous 
to 1880 have been increased in depth at lowest stages to 7 feet and 
over. At Plumpoint Reach, where special work has been carried 
on, the depth since the work begun has been doubled, and the 
navigable capacity of this portion of the stream has been multiplied 
by eight. The following is an extract from a report of a com- 
mittee of engineers of which I was a member, appointed to report 
to the Interstate Mississippi Improvement and Levee Convention 
held at Vicksburg, Mississippi, May 30, 1890 : 

‘*In 1882 the total number of crevasses in the levees was 284, aggregating 
56.09 miles in width ; in 1883 the number of crevasses was 224, with an aggregate 
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width of 34.1 miles; in 1884 the crevasses numbered 204, aggregating 10.64 miles 
in width. ‘The result of the crevasses enumerated during these three years was a 
general overflow of the Mississippi Delta. In the present flood, the dangers of 
which are nearly passed, the crevasses which have occurred number 23, aggregat- 
ing about 4!4 miles in width, ina total length of 1100 miles of levees, or less than 
half of 1 per cent. of the total line of levees. The general result has been a large 
measure of protection afforded by the levees this year, notwithstanding the extra- 
ordinary character of the flood, which has never been enjoyed during previous high 
waters of considerable magnitude. 

‘For example in the Yazoo Basin between 80 and 85 per cent. of its area is 
protected from overflow, there being only one crevasse of 280 feet in width, affect- 
ing a very small area, in 180 miles of levee extending from the upper extremity 
southward. There were other crevasses on this front below this locality. On the 
Tensas front are two reaches of continuous levee, being respectively 81 and 125 
miles in length; the right bank below Red river has t80 miles of continuous un- 
broken levee, and the left bank has 200 miles with only one break. Of the terri- 
tory dependent upon the last-named levees, 75 per cent. has been protected.” 


In 1891 the flood that was practically as great as that of 1890 
below the Arkansas river, caused but five crevasses, aggregating 
about one mile of lateral opening, out of the total length of about 
1300 miles of levee below Cape Girardeau, Missouri. The present 
flood but adds more convincing evidence of the benefit derived 
from a levee system constantly increasing in perfection. But fora 
few slight breaks near the mouth of the Arkansas river the entire 
river has been practically carried between levees from Memphis to 
near New Orleans. The State of Mississippi has been protected 
from inundation, not a single break having occurred on her front. 
With liberal appropriations it is only a matter of a very few years 
when the control of the Mississippi floods will be an accomplished 
fact beyond dispute or argument. 
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ORNAMENT IN ARCHITECTURE. 
By Louis H, Sullivan. 


TAKE it as self-evident that a building, quite devoid of orna- 
ment, may convey a noble and dignified sentiment by virtue 
of mass and proportion. It is not evident to me that ornament 

can intrinsically heighten these elemental qualities. Why, then, 
should we use ornament? Is not a noble and simple dignity suffi- 
cient? Why should we ask more ? 

If I answer the question in entire candor, I should say that it 
would be greatly for our esthetic good if we should refrain entirely 
from the use of ornament for a period of years, in order that our 
thought might concentrate acutely upon the production of buildings 
well formed and comely in the nude. We should thus perforce 
eschew many undesirable things, and learn by contrast how effective 
it is to think in a natural, vigorous and wholesome way. This step 
taken, we might safely inquire to what extent a decorative applica- 
tion of ornament would enhance the beauty of our structures—what 
new charm it would give them. 

If we have then become well grounded in pure and simple forms 
we will revere them ; we will refrain instinctively from vandalism ; 
we will be loth to do aught that may make these forms less pure, 
less noble. We shall have learned moreover that ornament is men- 
tally, a luxury, not a necessary; and that we should so use and 
understand it. We shall have learned by contrast wherein this 
luxury may become emotionally a necessary, for we shall have dis- 
cerned the limitations as well as the great value of unadorned 
masses. We have in us romanticism, and feel a craving to express 
it. We feel intuitively that our strong, athletic and simple forms 
will carry with natural ease the raiment of which we dream, and 
that our buildings thus clad in a garment of poetic imagery, half 
hid as it were in choice products of loom and mine, will appeal with 
redoubled power, like a sonorous melody overlaid with harmonious 
voices. 

I conceive that a true artist will reason substantially in this way ; 
and that, at the culmination of his powers, he may realize this ideal. 

I believe that architectural ornament brought forth in this 
spirit is desirable, because beautiful and inspiring ; that ornament 
brought forth in any other spirit is lacking in the higher possibilities. 
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That is to say, a building which is truly a work of art (and I con- 
sider none other), is in its very nature, essence and physical being 
an emotional expression. This being so, and I feel deeply that it 
is so, it must have, almost literally, a life. It follows from this 
living principle that an ornamented structure shouldbe character- 
ized by this quality, namely, that the same emotiona! impulse shall 
flow throughout harmoniously into its varied forms of expression— 
of which, while the mass-composition is the more profound, the 
decorative ornamentation is the more intense. Yet must both spring 
from the same source of feeling. 

I am aware that a decorated building, designed upon this princi- 


DISTANT VIEW OF TOWER, SCHILLER THEATER, 


ple, will require in its creator a high and sustained emotional ten- 
sion, an organic singleness of idea and purpose maintained to the 
last. The completed work will tell of this; and if it be designed 
with sufficient depth of feeling and simplicity of mind, the more 
intense the heat in which it was conceived, the more serene and 
noble will it remain forever as a monument of man’s eloquence. It 
is this quality that characterizes the great monuments of the past. 
It is this certainly that opens a vista towards the future. 

To my thinking, however, the mass-composition and the deco- 
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rative system of a structure such as I have hinted at should be 
separable from each other only in theory and for purposes of 
analytical study. I believe, as I have said, that an excellent and 
beautiful building may be designed that shall bear no ornament 
whatever ; but I believe just as firmly that a decorated structure, 
harmoniously conceived, well considered, cannot be stripped of its 
system of ornament without destroying its individuality. 

It has been hitherto somewhat the fashion to speak of ornament, 
with perhaps too much levity of thought, as a thing to be put on or 
omitted, as the case might be. I hold to the contrary—that the 
presence or absence of ornament should, certainly in serious work, 
be determined at the very beginnings of the design. This is per- 
haps strenuous insistence, yet I justify and urge it on the ground 
that creative architecture is an art so fine that its power is manifest 
in rhythms of great subtlety, as much so indeed as those of musical 
art, its nearest relative. 
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If, therefore, our artistic rhythms—a result—are to be signifi- 
It matters 


cant, our prior meditations—the cause—must be so. 
then greatly what is the prior inclination of the mind, as much so 
indeed as it matters what is the inclination of a cannon when the 


shot is fired. 
If we assume that our contemplated building need not be a 
work of living art, or at least a striving for it, that our civilization 
I can proceed only 


does not yet demand such, my plea is useless. 
on the supposition that our culture has progressed to the stage 
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BRONZE GATES, WAINWRIGHT MEMORIALe 


. Wherein an imitative or reminiscential art does not wholly satisfy, 

and that there exists an actual desire for spontaneous expression. 

I assume, too, that we are to begin, not by shutting our eyes and 

ears to the unspeakable past, but rather by opening our hearts, in 

enlightened sympathy and filial regard, to the voice of our times. 
Nor do I consider this the place or the time to inquire if after 
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all there is really such a thing as creative art—whether a final an- 
alysis does not reveal the great artist, not as creator, but rather as 
interpreter and prophet. When the time does come that the luxury 
of this inquiry becomes a mornentous necessary, our architecture 
shall have neared its final development. It will suffice’then to say 
that I conceive a work of fine art to be really this: a made thing, 
more or less attractive, regarding which the casual observer may 
see a part, but no observer all, that is in it. 

It must be manifest that an ornamental design will be more 
beautiful if it seems a part of the surface or substance that receives 
it, than if it looks “stuck on,” so to speak. A little observation 
will lead one to see that in the former case there exists a peculiar 
sympathy between the ornament and the structure, which is absent 
in the latter. Both structure and ornament obviously benefit by 
this sympathy—each enhancing the value of the other. And this, 
I take it, is the preparatory basis of what may be called an organic 
system of ornamentation. 

The ornament, as a matter of fact, is applied in the sense of 
being cut in or cut on, or otherwise done; yet it should appear, 
when completed, as though by the outworking of some beneficent 
agency it had come forth from the very substance of the material 
and was there by the same right that a flower appears amid the 
leaves of its parent plant. 

Here by this method we make a species of contact, and the 
spirit that animates the mass is free to flow into the ornament— 
they are no longer two things but one thing. 

If now we bring ourselves to close and reflective observation, 
how evident it becomes that if we wish to insure an actual, a poetic 
unity, the ornament should appear, not as something receiving the 
spirit of the structure, but as a thing expressing that spirit by virtue 
of differential growth. 

It follows then by the logic of growth, that a certain kind of 
ornament should appear on a certain kind of structure, just as a cer- 
tain kind of leaf must appear on a certain kind of tree. An elm 
leaf would not “look well” on a pine tree—a pine needle seems 
more “in keeping.” So, an ornament or scheme of organic deco- 
ration befitting a structure composed on broad and massive lines 
would not be in sympathy with a delicate and dainty one. Nor 
should the ornamental systems of buildings of any various sorts be 
interchangeable as between these buildings. For buildings should 
possess an individuality as marked as that which exists among 
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men, making them distinctly separable from each other, however 
strong the racial or family resemblance may be. 

Every one knows and feels how strongly individual is each 
man’s voice, but few pause to consider that a voice, though of an- 
other kind, speaks from every existing building, What is the char- 
acter of these voices? Are they harsh or smooth, noble or ignoble ? 
Is the speech they utter prose or poetry ? 

Mere difference in outward form does not constitute individu- 
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ality. For this a harmonious inner character is necessary ; and as we 
speak of human nature, we may by analogy apply a similar phrase 
to buildings. 

A little study will enable one soon to discern and appreciate 
the more obvious individualities of buildings ; further study, and 
comparison of impressions, will bring to view forms and qualities 
that were at first hidden ; a deeper analysis will yield a host of new 
sensations, developed by the discovery of qualities hitherto unsus- 
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pected—-we have found evidences of the gift of expression, and 
have felt the significance of it; the mental and emotional gratifi- 
cation caused by these discoveries leads on to deeper and deeper 
searching, until, in great works, we fully learn that what was ob- 
vious was least, and what was hidden, nearly all. : 

Few works can stand the test of close, business-like analysis— 
they are soon emptied. But no analysis, however sympathetic, per- 
sistent or profound, can exhaust a truly great work ofart. Forthe 
qualities that make it thus great are not mental only, but psychic, 
and therefore signify the highest expression and embodiment of 
individuality. 


ENTRANCE UNION TRUST BUILDING, ST LOUIS. 


Now, if this spiritual and emotional quality is a noble attribute 
when it resides in the mass of a building, it must, when applied to 
a virile and synthetic scheme of ornamentation, raise this at once 
from the level of triviality to the heights of dramatic expression. 

The possibilities of ornamentation, so considered, are marvel- 
ous ; and before us open, as a vista, conceptions so rich, so varied, 
so poetic, so inexhaustible, that the mind pauses in its flight and 
life indeed seems but a span. 

Reflect now the light of this conception full and free upon joint 


| 
. 
4 
_ 


644 ORNAMENT IN ARCHITECTURE. 


considerations of mass-composition, and how serious, how eloquent, 
how inspiring is the imagery, how noble the dramatic force that 
shall make sublime our future architecture. 

America is the only land in the whole earth wherein a dream 
like this may be realized; for here alone tradition is without 
shackles, and the soul of man free to grow, to mature, to seek its 
own. 

But for this we must turn again to Nature, and, hearkening to 
her melodious voice, learn, as children learn, the accent of its 
rhythmic cadences. We must view the sunrise with ambition, the 
twilight wistfully ; then, when our eyes have learned to see, we 
shall know how great is the simplicity of nature, that it brings 
forth in serenity such endless variation. We shall learn from this 
to consider man and his ways, to the end that we behold the un- 
folding of the soul in all its beauty, and know that the fragrance of 
a living art shall float again in the garden of our world. 


Note—The illustrations accompanying this article are selected from the work of Messrs. 
Adler & Sullivan, architects.x—Eprror. 
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DOES CAPITAL NEED HIGH-PRICED LABOR ? 
By W. £. Partridge, M. Am. Soc. M. E. 


HE most serious labor troubles are largely if not entirely due 
to a wrong theory with regard to wages which is so deeply 
rooted in the minds of both laborer and capitalist that it has 

come to be accepted as an axiom. It may be stated thus: Cheap 
labor makes cheap goods—the cheaper the labor the cheaper the 
product. Believing this the manufacturer, when he finds that the 
cost of a product must be lowered, first considers the question of a 
reduction of wages. This apparently is the simplest of all mathe- 
matical problems. A certain percentage deducted from the pay- 
roll means a like amount added to the profit account or subtracted 
from the cost. To take so much out of the pocket of the workman 
and put it into the bank-account of the employer is a question 
easily solved without the use of pencil and paper. In the light of 
such reasoning war is a natural result, each party feeling its posi- 
tion to be perfectly justifiable. The workman feels that he has the 
right, if he can, by means of a strike or otherwise, to send wages up 
out of all proportion to the cost of the product. The capitalist, on 
the other hand, too often takes revenge in kind and cuts wages to 
the starvation point. 

From time out of mind it has been the habit to tell the appren- 
tice, just beginning the use of tools, that that which seems to be 
the easiest way is the wrong way. The same is true in every de- 
partment of human endeavor. It is safe to ask, therefore, whether 
this easy way of disposing of the relations of capital and labor is 
not the wrong way. The fact that cutting down wages puts a profit 
upon goods which otherwise would be sold at a loss is one of those 
half truths which are more deceptive than absolute falsehoods. 
Time is an element in all lines of business, and the result which 
time will produce is always to be considered. For example, by 
keeping up the appearance of goods while reducing the quality it 
may be possible to increase the profit for a while, but in the end a 
business carried on in this way becomes unprofitable. So it is only 
a question of time for the cutting of wages to produce results the 
opposite of what the manufacturer hopes for. Wages in America 
for a long series of years have been high as compared with wages 
on the continent of Europe, in spite of which we have steadily held 
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our own, keeping our foreign markets and often gaining new ones 
in competition with the cheap labor of other countries. Here the 
conditions of labor have forced us to adopt to some extent the true 
theory of work and wages, but the influx of foreign workmen and 
the growth of trade-unionism has helped to root the wrong ideas. 
The trade-union holds the same theory as the manufacturer, that 
cheap labor makes cheap products. It recognizes, however, the i 
hopelessness of its task of fighting for higher wages in the face of 
this belief. 

” The mistake of the trade-union, as well as of the manufacturer, 
lies in its fundamental idea of the relation of wages to product. It 
is capable of demonstration that high-priced labor makes cheap 
goods. ‘The prosperity of our country from the earliest times is a 
proof of this fact. The slowly waning prosperity of many industries 
in Europe is another proof. Before entering upon our demonstration 
the question must be answered, “ What is high-priced labor?” It is 
labor which is capable of earning a large amount of money. Be- 
cause a man is paid a high price it does not follow that he earns it. 
A factory-girl working on a sewing-machine and turning out four 
pieces of work per hour is a high-priced laborer as compared with 
the girl who can turn out only one piece per hour. And the former 
is worth more than four times as much as the latter. It is this 
sense of high rate of earning that the labor and capital question 
must be considered. The manufacturer, then, who considers the 
ultimate success of his undertaking and its long-continued pros- 
perity must study how he may increase the individual earnings of 
his operatives. He must seek for the highest-priced labor in 
order that he may have the greatest returns for his expenditure, 
just as he seeks for the most efficient machines, regardless of first 
cost. The problem is to adopt a system which shall utilize skill 
and intelligence. 

That high-priced labor makes cheap goods may seem a para- 
dox to those who have considered only the other side. But in 
England labor has been high as compared with that on the Conti- 
nent. Yet England has held European markets in the face of this 
difference. From England cottons are sent to India and China in 
spite of the cheap labor of the latter countries. The view usually 
taken of this is that the use of machinery enables the English to 
manufacture so cheaply that they can compete with the almost 
“ pauper” labor of China and India. This is a mistake ; the cheap 
labor must be drilled and acquire a large increase of earning power 
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before it can run the machines of a cotton-factory. It must be- 
come skilled to such an extent that it no longer deserves to be 
termed “cheap.”’ Machinery in this case requires that the cheap 
labor shall be increased in value in order to be useful. 

The higher value of American labor as compared with that 
abroad and its consequent higher price is well shown by an inci- 
dent in the sheet-metal stamping trade. A manufacturer in 
advertising his stamping and drawing presses abroad based his 
statements in regard to capacity upon the speed of 120 strokes per 
minute, habitually used in America. The foreign purchasers com- 
plained that they could not make half so many articles in a minute 
as he had promised. Visiting the shops in person he found no 
difficulty in feeding the blanks to the presses at the guaranteed 
rate of speed. But he found that the cheaper workmen employed 
could not keep up to such a rate. After that the guarantees 
advertised abroad were only half as large as the capacity of the 
machines in actual work at home. Thus the higher-priced laborer 
shows a decided advantage over the cheap workman. Doubling 
the output of a machine by merely changing the quality of the 
workman has advantages not often thought of. Tie use of ma- 
chinery gives the greatest returns in those countries where the 
general intelligence is greatest and skill is most common, and 
where, in consequence, labor is the most highly paid. In countries 
where labor is cheapest machinery cannot be run with profit by the 
natives. A contractor in India is on record in a statement showing 
that the wheelbarrow is too complex and too large a tool to be 
used profitably on embankment work in some parts of that coun- 
try. Labor which is too cheap to use a wheelbarrow is too poor 
to be of much value to capital. 

What skilled, high-priced labor can do was well illustrated by 
an incident told by an American engineer who had been employed 
near the oil-wells of Batoum. Walking out one day he saw ata 
distance a hundred or more camels receiving peculiar-looking loads 
all alike. Approaching he found a caravan about to start for 
Persia, each camel bearing a box containing two sewing-machines 
of American make. Skilled labor of the most expensive kind has 
made it possible to manufacture a sewing-machine which is so 
effective and so cheap that it may be shipped half-way around the 
globe, and transported a thousand miles upon camels, to a land of 
low wages. Could skilled labor be obtained, capital would soon 
erect in Asia the necessary machinery to manufacture on the spot 
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and save the excessive cost of transportation. It is not alone 
highly specialized articles, like the sewing-machine, that are ex- 
ported from lands of high wages to those of cheap labor. Goods 
of the most simple character are also exported. The manufac- 
tured articles impcrted from semi-civilized countries are those 
which have employed labor of the greatest skill or taste. As a 
rule it is the product of the greatest skill and most valuable labor 
that goes abroad. 

An entirely different illustration may be drawn from the experi- 
ence of a manufacturing firm in an Eastern State. The industry 
was established more than fifty years ago, being new in its line, and 
grew until it assumed large proportions. The distance from con- 
sumers was large, the cost of transportation was considerable and 
the price of labor high. These things led to the transfer of the 
factory to a point near Boston. ‘The same reasons that had led to 
the first removal soon induced them to take a factory in New York, 
where {the cheaper labor obtainable was a strong attraction. When 
time enough had passed to make it possible to compare the work 
in the three different places it was found that both the changes had 
been for the worse. Fine materials were so wasted or destroyed by 
the cheaper hands that there was a loss instead of a saving. So in 
spite of high wages, long transportation, high freights and long 
winters, it was found best to move the factory back to the little 
village in Maine where the enterprise had its beginning. There 
careful men and women were to be had whose economical use of 
the materials more than offset the shorter transportation and lower 
wages found elsewhere. 

Cheap workmen may be sought in other ways to the disadvan- 
tage of the manufacturer. In western New York a few years ago, 
in a large shoe shop, at the regular price for piece-work, exceed- 
ingly good wages were made by the smarter girls, some of whom 
were paid $25 and even $30 each per week. The best class of girls 
were attracted to the place by the knowledge that such amounts 
were within the reach of those who could acquire the necessary 
skill and speed. ‘The rank and file of the girls employed averaged 
at the time about $8 per week. Cut after cut was then made in 
the prices, because the employers thought that no girl ought to earn 
more than $10 per week. The result was hardly what was expected. 
The large class of capable women whom they had hoped to cut 
down to $1o left. The rank and file, far below them but still earn- 
ing good wages, also left for more profitable work, while only the 
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poorer class remained, who were able to make but $5 or 36 per 
week. Probably the owners never understood fully what happened. 
It was this—the quality of the work suffered, the productiveness of 
the plant was cut down in nearly the same ratio as they hoped to re- 
duce wages, and their most expert and valuable laborers were 
forced to leave them. On the other hand, one of the jeading hard- 
ware manufacturers in New England stated recently that within 
fifteen years in several departments of his establishment he had 
put systems in operation which reduced “ the labor cost on certain 
products without encroaching upon the earnings of the men 
employed.” 

The workman who earns high wages is especially valuable to his 
employer because from a given plant a much larger product can 
be ubtained than is possible with the other class. It seems to be a 
wholesale transaction between labor and capital, with an advantage 
which is mutual. Even in the matter of excavating for sewers, 
cellars and the like, it pays to employ at high wages the best men. 
In New York city it isa common remark among contractors that they 
would rather have good men, costing from $1.50 per day upwards, 
than Italians at 75 cents. Thenumber of men who can work in a 
given excavation being limited, those who can do the most work in 
a given time are the cheapest. But it is a matter of common 
knowledge that the Italian at 75 cents usually does but 50 cents 
worth of work. This entails a double loss. The work costs more 
and a longer time is required ; the job is delayed and more capital 
becomes necessary for any given undertaking. This illustrates 
the principle completely. The cheap hand calls for more capital, 
a larger plant, a greater length of time, and is not able to give as 
much for a dollar as the other. This increase of the producing 
power of the plant is very important and an increase in the earn- 
ing power of the men is usually found to be equivalent to an in- 
crease in the capacity of the establishment. . 

Besides producing more economically, and thus making money 
for the capitalist, there is another way in which the workman who 
earns large wages is valuable. Such men become property-holders ; 
they are respected, conservative, self-respecting, intelligent, tem- 
perate citizens ; their children grow up educated and “ well-to-do” 
instead of swelling the pauper or criminal classes. Such citizens 
have a large purchasing power. Their prosperity is of the most 
stable character. Men of this class are not prone to have labor 
troubles. They have too much at stake to enter into rash, ill-ad- 
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vised contests. Manufacturing can be prosperous only through 
long periods in communities where the average income of the 
thrifty masses is large and their wants and their purchasing power 
on a cofresponding scale—where wealth is widely distributed and 
incomes are ample, and steady consumption is enormous. Capital 
flourishes correspondingly. 

While high-priced labor is desirable it must not be understood 
that the manufacturer should at once raise wages or increase the 
price of piece-work. Such acourse would be disastrous. Advancing 
prices is not advancing the earning power. It is the latter which 
ought to be increased. The artificial advancement of wages with- 
out a corresponding increase in the ability to earn leads ultimately 
to a permanent decline in wages. This is a rule which appears to 
have no exceptions whatever in this country, having been proved 
by almost every industry from ship-building to mining. ‘The inci- 
dental results arising from the artificial advancing of wages are of 
the worst character and are to be feared by both capitalist and 
workman. 

A strange state of affairs now exists in England which has been 
interpreted in a variety of ways. As the price of labor in the 
great iron-making centers has fallen England has begun to feel 
Belgian and German competition. Structural-iron contracts have 
been sent to Belgium, and German cutlery has come into Sheffield 
in a way that has been a cause of great complaint among Eng- 
lish cutlers and iron-masters. This has sometimes been looked 
upon as a case of cheap labor against that which is better paid. 
Others have said that this was part of that irrepressible conflict 
between machinery and man in which man, the laborer, was to be 
ground to powder unless machinery was first abolished. In the 
case of the English and Belgian iron trade it is a mere contest of 
machinery. In such a contest the latest comers, and those 
having the most capital, are always winners. Belgium and 
Germany had only to construct superior plants and they had con- 
trol of the market. With natural facilities nearly similar it was 
merely necessary to employ a little more capital, build a little 

better machinery and they could command the situation. 
To an attack of this kind there is but one method of reply— 
reduce wages and improve the machinery. Unfortunately for the 
English the Belgians could reduce wages more easily, and the im- 
proved machinery and processes of one country could be duplicated 
by the other within a year or two. Had the English iron-masters 
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turned their attention to the improvement of their labor as well as 
their machines, had they made one English cutler as good as three 
Belgians or Germans, the foreign competition would have been ex- 
tinguished. 

Ship-owners of the last generation learned a lesson which should 
not be lost upon the manufacturers of to-day. The American or 
English sailor was worth two of any other nationality. This was 
especially true of our American ships. Though they paid high 
wages it cost less to handle them than those of any other nation. 
Old sea-captains will speak with pride of voyages they made with 
fifteen men before the mast while French or Italian vessels of the 
same class would be manned by thirty men or more. 

High-class labor gives a community a monopoly of a certain 
kind. Such labor cannot be exported. It cannot be duplicated by 
capitalists in another country. It is difficult even to take it from 
place to place in the same country. Providence, Hartford and 
Worcester hold a monopoly of a kind of skilled labor. A few 
of these men might be persuaded to move, but the main body 
would stay. The best of them are too well satisfied to change. 
Philadelphia has a body of tool-builders and machinists which 
gives the city an advantage of a permanent character. She has 
a vast amount of high-priced labor always at command which 
cannot be alienated. As a city she can have no competition in this 
line. Capital will go to her because it will always be able to find 
the highest skill ready at hand. 

The problem to be solved by the manufacturer or capitalist is in 
its general form a simple one. It is to increase from year to year 
the earning power of the men employed and to do it in such a way 
that the men not only earn more but become more profitable to the 
employer. This is a simple statement, but its application is not 
always as simple. When the effort is made to carry out the idea 
in any given industry a very complex problem is generally found to 
be the result. The task of increasing the earning powers of the 
men is by no means hopeless. How this was done in one case may 
be suggestive to others. It was in connection with piece-work in 
a great manufacturing establishment in Pennsylvania which em- 
braced a great number of distinct trades. As piece-work was the 
rule, when a man devised any new or improved method of saving 
time, labor or material, he called for a trial of the improvement. If 
it was found to be successful a new schedule was made for that 
class of work. The price was of course reduced but in this way— 
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the man got half of the advantage and the works the other. Thus 
the cost of production was constantly reduced and the earnings of 
the men just as constantly increased. The plan stimulated every 
man to study machinery and processes. Every operation and every 
tool was watched with the utmost care by intelligent, interested and 
jealous eyes. Ambition was at work. There was every incentive 
for men of skill to stay at the forge or in the machine-shop. Each 
one felt assured that there was a market for what he had to sell. 
Every man in the establishment was as interested in cutting down 
prices as the proprietor himself. Under this very liberal system no 
limit was placed upon the sum which a man might earn at piece 
work. It was argued that the higher the wages the more profitable 
would be the plant. But all improvements did not come from the men. 
When any originated with the proprietor, the establishment took 
two-thirds of the saving effected and the men were given one-third. 

How profitable this system was may be judged from the fact 
that a few years ago a certain complex piece used to cost $6. Two 
or three years later the cost had been reduced by successive im- 
provements in tools, without changing the article, so that it could 
be turned out for $2.50. The men at the latter price were earning 
higher wages than before and were still scheming to take off some- 
thing more from the cost of manufacture. 

This general scheme is applicable to a very wide range of man- 
ufactures. The principle involved is almost universal in its appli- 
cation. Every employer will find it to his advantage to enlist upon 
his own side, and virtually take into partnership with him the hope, 
ambition and self-interest of his men, But a word of warning is 
needed here. The partnership must be honest, and it must also be 
fair. It will not answer to gain the men by fine promises and then at 
the end of the year present the office-boy with the equivalent of one 
penny per week as his share of the advantages arising from his ex- 
tra unpaid-for work during the year. No one-sided bargain will be 
of use to capital orto labor. In the endeavor to make the earnings 
larger and the profits greater the insincerity of both sides will be 
among the greatest difficulties to be encountered. When once 

‘overcome other obstacles will easily disappear. Then it will be 
seen that common interest lies in one direction ; that unintelligent 
greed is the enemy of all. Clear-seeing is the hardest thing to be 
accomplished. But light has come in some directions, and as the 
world progresses we may reasonably hope it will constantly move 
toward the light. 
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UNDERGROUND WATERS OF THE ARID 
REGIONS. 


By Robert T. Hiil. 


NDERGROUND water is too abundant in the East to 
attract much attention, but in the arid regions of the 
Western States and Mexico it becomes a matter of the 

utmost importance. Areas exist there as large as New England— 
for example, the Llano Estacado—without a stream or permanent 
pond upon their surface, while other areas, aggregating one-tenth 
of this whole country, have not a stream with the volume of the 
Connecticut and are entirely lacking in laterals and springs. 
Great railway lines, including the Southern Pacific, haul water 
hundreds of miles for their engines and have spent millions in 
the search for underground water, and the Government has spent 
large sums in similar experiments. Most of these efforts have 
been the result of exaggerated expectations whose non-fulfilment 
have resulted in the apathy of the people. It was soon learned 
that the greatest possible use of surface water aided by the best 
systems of storage could not water a hundredth part of the west- 
ern area and popular attention turned to the underground supply. 
Investigation next showed that artesian floods could not be ob- 
tained everywhere. 

The laws of distribution and utilization of underground waters 
are as simple as those controlling surface distribution, but the 
popular fallacies concerning them are appalling—for instance, the 
erroneous idea that all underground waters flow in streams “ like 
the circulatory system of the human body,” supplying every well 
and spring. It is a curious thing to see the “waterwitch” plod 
over a farm with his forked stick trying to locate “the current.” 
In the vast area between the Rocky mountains and the Mississippi 
the belief prevails that all the wells are supplied by the water 
precipitated upon the mountains which disappears beneath the sur- 
face to rise again a thousand miles away along the coastal plain,* 
while beneath the vast intervening region is an inexhaustible store 
of water waiting for man’s invention to bring it to the surface. 

For agriculture in the arid regions underground waters are the 
only dependence, for surface water, even when used for irrigation, 


* Galveston News, Nov. 7, 1891, Pp. 4+ 
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must become earth water before it is available for plant roots ; 
therefore the farmer plows the earth’s crust to increase its capacity 
to imbibe and transmit water. The source of underground water 
is the rainfall, though the underground supply in any region is not 
proportionate to its rainfall but is determined by the capacity of 
the soil to absorb moisture. Of the rainfall, part is evaporated or 
quickly drained to the sea, while the rest is absorbed by the soil 
and other rocks. All the materials composing that part of the 
earth’s structure visible to inspection, inappropriately known as the 
crust, are more or less saturated with water. In arid regions or in 
times of drought this may not be apparent at the surface, where 
the moisture is dried by evaporation, but a fresh excavation—a 
post-hole, a plow furrow, a blast in a quarry or a newly-dug well— 
will reveal the contained moisture of the earth. This moisture, or 
earth water, may be scarcely visible or it may occur in great abun- 
dance, according to the compactness or porosity of the rocks, the 
number of fissures, joints and crevices, and their topographic situ- 
ation. 

If rainfall be long continued the portion of the crust upon 
which it falls becomes completely saturated. Upon cessation of 
the rainfall evaporation or drying begins at the surface, causing 
the line of saturation to become deeper and deeper. Thus it is 
that in the eastern States, where rainfall is excessive and evapora- 
tion slow, the line of saturation usually coincides with the surface, 
while in the arid regions it is often several hundred feet below the 
surface. 

If the earth were of uniform porosity, temperature and compo- 
sition, the water it contains would be uniformly distributed through 
it, as is the water in a well-soaked sponge. But this is not the case, 
for the outer portion of the globe consists of rocks of much 
greater density than the interior, while the downward percolation 
of surface water eventually encounters the superheated mass of the 
earth’s interior and either is forced back to the surface as steam, 
as in geysers and volcanoes, or enters into mineral combinations, 
Hence the available water is confined to that portion of the earth’s 
crust between the lines of heated interior and surface evaporation. 
‘Even in this narrow belt the distribution of water is very irregular. 
In places holes 300 feet deep can be drilled through soil and rock as 
dry as powder without reaching the line of saturation, while in New 
Orleans the water is so near the surface that graves cannot be dug 
for the dead. 
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Inasmuch as the arid regions present a vast diversity of geologic 
structure, the possibility of securing water at any given point must 
be determined by the local formations. All rocks imbibe water in 
proportions varying with their physical structure, a fact which can 
be demonstrated experimentally by saturating familiar types of 
rock. Glass is similar in water-capacity to large areas of volcanic 
and other igneous rocks and will absorb no perceptible amount of 
moisture ; marble will drink in a slight quantity, while chalk, sand, 
and brick will absorb nearly their own weight of water. The man- 
ner in which rocks imbibe water is simple. In most rocks, how- 
ever compact to the eye, there exist interstices, cavities and other 
spaces in which water may enter and be stored. This is true espe- 
cially of all sedimentary rocks, which compose gg per cent. of the 
earth’s crust. A fine sandstone whose grains and intervening 
spaces may be indistinguishable to the eye, when placed under a 
microscope, resembles a load of cobblestones in which the spaces 
occupy as much of the aggregate mass as the solid mass themselves. 
Into a gallon measure of dry pebbles varying in size from an egg to 
a pinhead may be poured half a gallon of water. Crystalline rocks, 
which compose much of the mountain masses in the West, are more 
compact and less adapted for the storage and passage of water 
than sedimentary rocks. Nearly all the minerals which compose 
them are impervious, as is readily seen in a large crystal of quartz, 
feldspar or mica. 

Rocks which have imbibed ali the moisture they can contain are 
in a condition of saturation and all water in excess of this amount 
will pass off by aid of gravity, capillary attraction or evaporation. 
The excess above the water of saturation is available as the source 
of springs, wells and artesian supply. In experiments with these 
materials each rock will be found to possess a different capacity 
for the transmission of the water which it has imbibed and the ca- 
pacity for transmission is entirely distinct from its capacity for im- 
bibition. 1f the component particles—for instance, the quartz peb- 
bles of a loose conglomerate or the grains of a sandstone—present 
a smooth, impervious surface, water will cohere to the individual 
surfaces until the entire article is enveloped in a coat of water. If 
the interstices are smaller than the average drop of water the re- 
sistance of cohesion to the free transmission of water will be 
greater ; hence a chalk or a fine-grained brick will drink in much 
water but transmit little, while water will pass freely through 
coarse gravel. The capacity for transmission in variously grained 
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rocks and the accompanying cohesion is similar to that seen in 
passing water through sieves of different mesh. Thus some chalks 
with exactly the same capacity for imbibition as sandstones trans- 
mit water six hundred times slower. 

These materials with radically different capacities for imbibition 
and transmission of water have been sorted into definite sheets or 
strata by the water which deposited most of them, so that another 
important factor in the question of underground water is intro- 
duced—the stratification or arrangement of the rocks relative to 
one another. Earth-water percolates downward through a porous 
stratum until an impervious one is reached, while an impervious 
stratum at the surface will prevent the saturation of a pervious 
one below. Stratification performs the important function of con- 
trolling the distribution of earth-water, of resistance, transmission 
and storage. If the rock stratum is pervious and horizontal it will 
simply serve as a sponge to hold the water it receives until dis- 
turbed by evaporation or seepage, unless the supply is constantly 
renewed by rainfall. If an impervious sheet is above an out-crop- 
ping porous stratum, it opposes the tendency of water to rise by 
hydrostatic pressure, and if below, it opposes the force of gravity 
by preventing the water from percolating to greater depths. If 
vertical enough, from faulting or folding, the strata cut off the 
horizontal transmission of underground water. 

If strata are inclined, water is transmitted by gravity in the 
direction of inclination, 7. ¢., with the dip, and, if the topographic 
conditions are favorable, flowing wells can be obtained at points 
more or less distant from the outcrop. If the strata incline in a 
direction opposite to the general slope of the country, no matter 
how favorable the conditions may be, they will furnish no flowing 
artesian supply, for water cannot rise above the height of the re- 
ceiving area. If strata are excessively inclined, as in most moun- 
tain regions, artesian wells are improbable if not impossible over 
any wide area. In folded mountainous regions the strata soon dip 
below all available boring ; hence the generally accepted idea that 
artesian wells are peculiar to regions of great stratigraphic disturb- 
- anceis fallacious. <A dip of 1 per cent. is hardly visible to the eye, 
but it will carry a stratum downward 52.8 feet per mile. A dip of 
ro per cent., which is hardly noticeable, will carry a stratum 528 
feet ina mile. A dip of 45 degrees will carry a stratum deeper in 
a mile than any drill has yet penetrated. 

It may now be said that the most favorable and usual condition 
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for artesian wells is that of strata inclined at an almost impercep- 
tible angle with the surface slope. This condition prevails in gently 
sloping basins and not in mountains. Theoretically this arrange- 
ment affords a large exposure of the receiving stratum for the im- 
bibition of water and underlies an extensive area in which wells 
can be obtained. All the great artesian-well areas of the United 
States are of this type, that of the Atlantic Gulf-coast, of Dakota 
and of Texas. The receiving area of an artesian system is the area 
of outcrop of the water-bearing stratum. Its extent is proportion- 
ate to the thickness and inclination of the stratum and its value for 
receiving and transmitting water depends upon the area of its out- 
crop and its porosity. The outcrop may be of any topographic 
form, but is usually in a valley of stratification which is topograph- 
ically higher than the point where the well is desired, as in the ar- 
tesian areas of Texas, New Jersey and elsewhere. 

Most sedimentary rocks occur in definite succession, 7. ¢., sands 
overlaid by clays and these by limestones, representing the deposits 
laid down at shore, in shallow water and at the nearer shore or 
moderate depths respectively ; hence, when a well is begun in rocks 
of the limestone group a great volume of water must not be ex- 
pected until several strata of clays are passed through and the 
basal sands penetrated. 

If the earth’s surface were a dead level not grooved by river 
drainage, and were a homogeneous mass, earth-water would sink to 
the line of complete saturation which would be at a uniform depth, 
as in a flat undrained field. But the surface is broken into moun- 
tains and plains and the plains are scored by valleys ; therefore, 
through the percolation caused by gravity the line of saturation 
sinks towards the level of the lowest adjacent drainage valley 
whose streams are fed usually by the water of saturation escaping 
at their level. There are two kinds of valleys in the West, stream 
and basin valleys. The former are the product of erosion through 
the rock mass caused by running streams seeking base level ; the 
latter are the filled-in depressions of vast inter-mountain areas like 
Salt Lake valley of Utah. The stream valleys reduce the line of 
saturation of the adjacent regions to their level and carry the earth 
water to the sea. Basin valleys store the surface water of the ad- 
jacent mountains by imbibing and retaining it in their loose porous 
strata. 

Topographic irregularities have an important bearing upon the 
success or failure of artesian wells, but not as great an influence as 
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is popularly supposed, for the receiving area of artesian districts is 
more often a level or valley of stratification than a protuberance. 

In mountains of disturbed strata (not horizontal), water-level 
is reduced towards that of the surrounding plain. Mountains in 
general owe their existence to the compactness and imperviousness 
of their structure, conditions which render them of secondary im- 
portance in a discussion of underground wate, since they are 
quickly drained of their rainfall, except that which becomes crevice 
water or is retarded by vegetation. Impervious mountains are 
often important in concentrating the drainage of a large area upon 
the porous surface of a basin-shaped plain occupying their center. 
They actually double the underground efficiency of the rainfall for 
the basins, which fact is of especial value in the Southwest, where 
the country is of impervious-mountain and porous-basin structure. 
In the case of buttes and mesas, which usually consist of horizon- 
tal strata, the line of saturation is reduced by gravity towards that 
of the plain or valley which surrounds them. 

As a rule, the degree of consolidation of an impervious stratum 
has little bearing upon its function in artesian wells. Soft clay 
shale is practically as impervious as a hard slate; hence the incor- 
rectness of the popular idea in the West that a hard rock must 
overcap the water-bearing stratum. Consolidation, however, does 
decrease the transmitting capacity of pervious strata, since this 
power is produced by pressure which decreases the interstitial 
spaces of the rocks, or by mineral cement which fills the pores. 
Hence most of the great water-bearing areas are composed either 
of loosely cemented or unconsolidated sands. 

The older formations of the earth are more consolidated, met- 
amorphosed, and disturbed than the newer and hence they occur 
in but few places in the continuous sheets necessary to great 
artesian development. The newer rocks (post-Carboniferous) are 
less consolidated, less disturbed, less metamorphosed, less broken, 
and are therefore better adapted for imbibition, percolation, and 
transmission of water. Thus it is that with few exceptions the 
great artesian areas of the world are in the later formation, /z., 
_ Triassic, Jurassic, Cretaceous, Tertiary and Quaternary rock sheets, 
which play an important part in the structure of the arid regions 
of the United States. 

A section from the Gulf of Mexico to the Rocky Mountains, 
say from New Orleans to Las Vegas, New Mexico, will illustrate 
the principles I have endeavored to explain. From the coast to the 
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97th meridian is a large series of porous sheets of strata inclining 
with the surface at only a slightly greater angle. This represents, 
with one or two exceptions, the condition of the entire Atlantic sea- 
board. These strata constitute the rocks from the latest Jurassic 
to the present time and represent a series of ancient coastal deposi- 
tion plains; nearly everywhere throughout their extent artesian 
wells are obtained, from New Jersey to Texas. This series rests 
upon another of older rocks which incline to the westward and 
opposite to the topographic slope, and outcrops between the 98th 
and 1orst meridians. No successful artesian wells of large vol- 
ume have been or are likely to be obtained in this region. A simi- 
lar negative condition exists in that portion of northeastern New 
Mexico which I have termed the Las Vegas plateau ; experimental 
wells of great depth have been drilled without success at Trinidad 
and Las Vegas. 

The principle that greatly disturbed or mountainous areas are 
not favorable artesian areas is illustrated in the dip of the strata 
of the Rocky mountain front south of the Arkansas, the excessive 
angle of which almost immediately carries them beyond the reach 
of man. The influence of structure and imbibition is shown in 
the basin plains of the West. These vast stretches constituting all 
the level land of the arid region have been looked upon by the 
professional geologist as unworthy of experimentation for artesian 
water, owing to the absence of consolidated strata and the prevail- 
ing fallacious idea that the “upturned edges of the adjacent moun- 
tain regions were the receiving area of all underground water.” 
Although unconsolidated, the rocks of the basin plains are alterna- 
tions of porous and impervious beds and hence are valuable arte- 
sian areas ; by experimentation in boring in properly-selected sites 
considerable water may be obtained. Non-flowing wells have 
been secured in many of the most unpromising plains, even in 
Death’s valley ; as furnishing water for live stock these wells are 
very important. 

In conclusion it is well to consider the application of these 
principles to obtaining underground water in the vast arid regions 
of the United States and Mexico. First, it is apparent that the 
best conditions for securing underground water are not in consoli- 
dated or mountain rocks, as shown by the futile experiments of the 
Government well-borings under Captain Pope in 1858, and the 
numerous failures of the Southern Pacific railway—all of which 
were drilled with the idea that the earth-water came from the 
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mountains. But, on the other hand, the most sterile sandy upland 
plains—for example, the Jornado Muerto—or filled-in river valleys 
like that of the Rio Grande, are most favorable locations for imbi- 
bition and storage of underground water. 

By taking advantage of this law thousands of wells, non- 
flowing it is true, have been obtained upon the greatest of our 
supposed waterless plains, as the Llano Estacado and the Franklin 
Hueco basin north of El Paso, and numerous fiowing wells have 
been obtained in desert basins, as in Salt Lake valley in Utah, in 
Colorado and in California. The supply of underground water is 
sufficient to reclaim for agriculture by irrigation only a small frac- 
tion of our desert lands, yet by application of the principles above 
mentioned many wells can be obtained upon areas now absolutely 
worthless. ‘The water would be of great value to overland com- 
merce and to herders, and would save large amounts of money 
now wasted in unprofitable experiments. 
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RIVER IMPROVEMENT AT PORTLAND. 


By George W. Freeman. 


connected with the ocean by one-hundred-and-ten miles of 

river—that is to say, ninety-eight miles of the Columbia and 
twelve miles of the Willamette. Built upon both sides of the Wil- 
lamette, at the head of deep-water navigation, assured of its pros- 
perity and possessing great wealth, Portland naturally is desirous 
that all products and commodities imported to, or exported from, 
her port shall have every advantage of cheap transportation. 

During the year ending June 30, 1891, the value of the exports 
from the Columbia river was $6,089,585, and the value of imports 
$1,325,400. In the same year the deep-sea tonnage passing in and 
out over the bar, at the mouth of the river, was 1,923,818 tons; this 
with the local tonnage makes over 3,000,coo tons for the Willam- 
ette and Columbia rivers between Portland and the sea. The total 
custom-house receipts were nearly $650,000, and the jobbing trade 
of Portland for 18go is estimated to be $131,550,000. 

The demand for an unobstructed deep-water channel has kept 
pace with the growth of the city and the development of the tributary 
country. Prior to 1866 the depth of channel at the shoalest places, 
at low water, was from niné to twelve feet. Vessels loaded deeper 
than that were compelled to take advantage of high tides and high- 
river stages. In many cases vessels were lightered of their cargoes 
some twelve or thirty miles below the city in order to allow them 
to pass over the shoals above. 

The first efforts of the Government at this port were directed 
toward securing and maintaining a channel tc the sea of fifteen 
feet at low water, which was no sooner accomplished than a de- 
mand for eighteen feet was made, followed by one for twenty and 
finally for twenty-five. Since 1866 the Government has spent in 
improving the Columbia and lower Willamette rivers about $890,- 
ooo, making an average of $35,500 per year. This improvement 
consisted of reveting the banks, diking across sloughs, constructing 
contraction works, and dredging. There is no doubt that better 
results would have been obtained had the whole of the amount 
been available at once, yet in 1881 the benefits of these works were 
661 
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such that, assisted by the dredge, the least depth at extreme low 
water throughout the whole distance was nineteen feet. 

Before the construction of the jetty at the mouth of the Colum- 
bia river was commenced the ruling depths over the bar were from 
nineteen to twenty-one feet, but in consequence of this jetty, nearly 
completed, there is now at low water a depth of twenty-eight feet, 
and every prospect of thirty feet in the near future. With this in- 
crease of depth on the bar the deepening of the river becomes im- 
perative in order to allow deep-draft vessels to charter direct to 
Portland. 

The River and Harbor act of September, 1890, directed that a 
project with estimate of cost, for obtaining such channel between 
Portland and the sea, be submitted. This duty was assigned to 
Major Thomas H. Handbury, Corps of Engineers, U.S. A., the 
officer in charge of the improvement of these rivers, and in due 
course of time the maps and plans were forwarded to Washington, 
where they were approved. 

In this reach of one-hundred-and-ten miles of river there is an 
aggregate of ten miles that needed to be improved—four miles in 
the Willamette and six in the Columbia. Commencing at Portland 
and proceeding down stream the localities needing improvement 
are as follows: In the vicinity of the head of Swan Island, 
between the lower end of Swan Island and St. John, Post Office 
Bar, St. Helens, Martins Island, Walker Island, Cathlamet Bay, 
and near Upper Astoria. Reference to the general map will show 
the relative locations of the above-named places, while the other 
maps will show the characteristics of each. 

A study of the surveys made of these localities reveals the 
cause of the shoal water, and also suggests the geueral principle on 
which the plans of improvement were based. In the Willamette, 
wherever the width of the river exceeds 1400 feet between low-water 
lines, we find less than twenty-five feet at low-water. In the Co- 
lumbia, wherever the width of the river exceeds 4000 feet between 
low-water lines, we also find less than twenty-five feet at low water. 
The one exception to this rule is in Cathlamet Bay from its head 
to the ocean ; here the excessive width, about six miles between 
‘ banks, pertains with numerous sandbars, while the ebb and flow of 
the tide plays an important part in determining the location and 
depth of the channel. 

Two-thirds of a mile above Swan Island the width of the river 
is 4000 feet, the. average depth nineteen feet, and the maximum 
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thirty-four feet. A quarter of a mile nearer the island the maximum 
depth is twenty-five feet, with a low-water width of 1600 feet, and 
here we encounter the first difficulty. Atthe head of Swan Island 
the width between low-water lines is 3800 feet. The island divides 
the river into two channels. The south channel is widé and shoal, 
having about two feet at low water. It has shoaled gradually and 
is now practically a high-water chute. ‘I'he north, which is the 
main ship channel, is narrow, but of ample depth after passing the 
head of the island. To improve this place a dike four feet high 
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above low water, and 6800 feet long, joining the head of the island 
with the left bank of the river, was built by the Government. The 
building of this dike diminished the sectional area at a four-foot 
stage about 44 per cent., and throws about 43 per cent. more water 
down the north channel. The increased velocity due to the con- 
traction and concentration of the river has already had its effect in 
keeping the channel open, but to assist the érosion of the river the 
dredge has been resorted to. 

The next locality at which is found an excessive width of river 
and with a depth less than twenty-five feet is between the foot of 
Swan Island and St. John. The width of the river at the foot of 
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the island is 2400 feet, but the velocity acquired by the river while 
passing through the north channel is sufficient to maintain a chan- 
nel of twenty-five feet for a distance of about half a mile below the 
end of the island. At this point, however, the force becomes ex- 
pended, and the tendency to spread over the excessive width results 
in the formation of che shoal. To improve this a dike about 4000 
feet long was recommended, commencing at a point about 2000 feet 
below the end of the island, and after extending 500 feet from the 
right bank to incline down stream, keeping in about twelve feet of 
water, the dyke to be four feet above low water, and the action to 
be hastened by dredging. 
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Farther down stream is Post Office Bar, caused as above by the 
excessive width of the river, and also the diversion of a portion of 
the water down Willamette slough. On account of some commer- 
cial interests this slough cannot be wholly closed, and an opening 
150 feet wide to allow the passage of river boats has been left. The 
improvements, as recommended, consist of a spur dike built perpen- 
dicular to the right bank of the river 1000 feet long, near the point 
where the 25-foot depth ceases, on the upper side of the bar; a 
second spur dike 600 feet long, 1000 feet below the first, and on the 
same side of the river ; and a third, still on the right bank 1200 feet 
below the last. This*third dike, after leaving the shore, to extend 


< 
4 
Snagisl. bar N 
TiNamoch Rock « & 4 
| StHeler. 
2 


WAS 


dan 


Maria 


| 
i 


COLUMBIA RIVER 
CATHLAMET BAY 


ConTRACTION OINES 
BOLOING BY PorT oF 


Scale 


MAP SHOWING BY DOTTED LINES THE CONTRACTION DIKES, 


= | 


668 RIVER IMPROVEMENT AT PORTLAND. 


ORE. 
STJOHN BARS 


40.000 


Shewing Contrachow Djkes 
Scale 
< 


WILLAMETTE RIVER 


SWAN ISLAND, 


across Deer Island shoal is recommended. 


down stream and 
about parallel with 
the left bank of the 
river for a distance 
of about 4000 feet. 
We now enter the 
Columbia and _ pro- 
ceeding down that 
river fourteen miles 
come to St. Helens 
bar. Here the Gov- 
ernment has built a 
permeable jetty 
5500 feet long, 
which is doing good 
work, but in order 
to fully maintain a 
channel twenty-five 
feet deep, some ad- 
ditional filling of the 
jetty with rock and 
brush will be neces- 
sary. Three miles 
below is Martins Is- 
land bar where the 
river is 6000 feet 
wide. About one- 
tenth of the volume 
of the river former- 
ly passed through 
Burks and Martins 
sloughs on the right, 
but these have been 
closed, and already 
the result of this 
improvement is felt. 
To hasten matters 
a dike about 2000 
feet long extending 
from the left bank 
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Twenty miles down the river is Walker Island, where the river 
is 6600 feet wide, with three channels extending through this 
reach, none of which afford the required depth of water. From 
Mount Coffin one passes down the Washington shore, to the east 
of Walker Island, a second down the Oregon shore to- the west of 
the Island, and the third across the head of the Island joining the 
east, or Washington shore channel. This last channel has a ruling 
depth of sixteen feet. The tidal flow without doubt has consider- 
able weight in determining the depth of these channels, the mean 
rise being 34 feet. To improve this place it was recommended to 
construct a longitudinal dike parallel with the Washington shore, 
at a distance from it of about 1600 feet, extending from near Mt. 
Coffin down to the middle channel, thence obliquely across the 
channel, thence to the head of Walker Island, being in all about 
12,000 feet in length. The object here is to build up the shoal in 
the middle of the river, thus reducing its width, or in other words 
to extend Walker Island up stream. 

Below Walker Island there is plenty of water until Jim Crow 
Point in Cathlamet Bay is reached. This point is about twenty-six 
miles from the bar, and the river here commences to widen rapidly ; 
through this reach there are numerous shoals, separated by chan- 
nels of varying depths. Here it was deemed best to obtain the 
required depth of twenty-five feet by the most practicable and 
economical route, and to disturb as little as possible the present 
existing conditions. It was determined therefore to restore and 
maintain the channel passing to the south of Snag Island, by means 
of training dikes, aggregating about 19,000 feet in length, the loca- 
tions of which are on an accompanying map. It was not deemed 
advisable to locate any permanent work with a view of controlling 
the water below this point, until those further up the river have 
been built and their effect noted. 

The total amount of diking necessary to construct the works 
just enumerated is about 50,000 feet, the dredging amounting to 
more than 1,000,000 cubic yards, with a total estimated cost of 
$772,464. The Government, however, was out of money, ‘only 
enough remaining to construct the dike at the head of Swan Island. 

In February, 1891, the Oregon Legislature passed the Port of 
Portland bill. A corporation was created to be known as the Port 
of Portland, its affairs to be administered by a Commission com- 
posed of fifteen of the first business men of the then three cities 
of Portland, East Portland and Albina, but now included in con- 
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solidated _Port- 
land, its object 
being the im- 
provement of the 
lower Willamette 
and Columbia 
rivers from Port- 
land to the sea. 
To do this the 
Port of Portland 
was empowered 
to issue bonds to 
the extent of 
$500,000, to levy 
a regular yearly 
tax of not over 
three tenths of 1 
per cent. on all 
property within 
its boundary, and 
if necessary a 
special tax in 
cases of emer- 
gency. It was 
tested as to its 
legality by a 
friendly suit and 
declared consti- 
tutional and 
valid by the 
Supreme Court. 
The Port of Port- 
land has ob- 
tained permis- 
sion of the War 
Department and 
has undertaken 
to make most of 
these improve- 
ments. It was 
decided to first 
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construct the works on the Willamette and at Walker Island, as 
these were the places demanding the most attention. 

The writer assumed his duties as Engineer of the Port on 
November 1, 1891. Bids to construct these works were asked for 
and opened on November 19. ‘To facilitate matters the work was 
divided in three parts, St. John, Post Office Bar and Walker Island. 
The bids were so much per unit for each article in place, for in- 
stance: per lineal foot for piles, per cord for fascines, per ton for 
rock, etc., the contract to be awarded to the lowest responsible 
bidder for the whole of the material in place. Work was com- 
menced about December 1, and practically finished about May 20, 
1892. There yet remains some little finishing touches, to make 
the dikes complete, but these cannot be done until the present 
high water recedes. The total amount of diking in the three local- 
ities amounts to 22,350 feet, aggregating in cost $150,000. 

The manner of constructing the dikes is as follows: Two rows 
of piles four or five feet apart, according to the depth of water, 
were driven not less than twelve feet into the ground and cut off 
four feet above low-water level. The piles in each row are six feet 
apart, and each pile is opposite the center of an interval in the 
other row. ‘The piles in each row are connected by a horizontal 
waling piece, made of two thicknesses of 3.x 12" planking, bolted 
on the outside of each pile. On the inside were placed four or less 
rows of 3x 8” planking spaced eight inches apart and spiked to 
each pile. The two rows of piles were secured to each other by 
cross braces spiked on the top of the waling and distanced about 
nine feet to prevent the rows from spreading after filling the interval 
with brushand rock. The fascines were made of fir or willow brush 
tied in three places, and when complete were 16 feet long and 9 
inches in diameter. 

The piles were first driven and followed closely by the brush- 
matsand filling. The lower or foundation mats were made in lengths 
of about 80 feet and upon floats on each side of the dike. The brush 
was first laid from the scows on the floats and perpendicular to 
dike, the inside ends overlapping ; these were firmly bound together 
at the ends and center with wire, three men doing the binding. 
Another course was then laid on perpendicular to the last, and 
also firmly bound, and so on until the desired thickness of mat was 
made. As soon as the mats were completed the floats were removed 
and anothercommenced. The advantage of this method of making 
mats over the old one made in short sections and with poles, was the 
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ease with which they were sunk, the mats being so firmly bound 
together that the sinking of one side naturally carried the other 
side and center down also, Those who have had experience with 
short mats will remember how difficult it was to sink them, as any 
unevenness of loading caused the mat to upturn, spilling its load, 
and in many cases losing the mat altogether. Mats as described 
above have been built by the writer over six feet thick and sunk in 
eighteen feet of water with a strong current running at the time, 
without losing a bundle. Between 375 and 400 feet of these mats, 
three fascines thick, were built in a day. Wherever the dikes 
joined the shore the banks were protected by first grading the 
bank at a slope of 2 to 1 and covering the same with brush and 
rock, 


The works above referred to were built so cheaply that bids 
were asked on the Snag Island work. When opened, the lowest 
was about half the estimated cost. These works are now fully 
under way and progressing finely. The City dredge of the eleva- 
tor type was used to aid the contraction works then building in the 
Willamette and Columbia. During the season just closed nearly 
100,000 cubic yards were removed at a cost of 11.06 cents per 
yard. The long-desired 25-foot channel between Portland and the 
sea is fairly in sight and that Portland is a deep-water port is proved 
by the recent visit of the United States cruisers Baltimore and 
Charleston to this port. They passed up and down the one-hundred- 
and.ten miles of river without difficulty. 
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THE RAILWAY OF THE FUTURE. 
By Oberiin Smith, 
Past President Am, Soc. Mechanical Engineers, ; 


HAT the railway system of the present is destined to a more 
Zi rapid rate of development than in the past is one of the 
signs of the times. Splendid as is its record, it is guilty of 
killing and wounding somewhere near 33,000 people per annum in 
the United States alone. It carries its passengers at an average 
speed of only about twenty-five miles an hour, and it burns extra 
coal enough to carry with each one an average dead-weight of from 
one to two tons, running up to six tons in some classes of trains.* 
For the attainment of the highest perfection in the three things 
which railway passengers most desire, safety, speed and cheapness, 
we must institute certain radical and sweeping reforms. In carry- 
ing these out, the most important features to keep in view for se- 
curing safety would be some system of practically non-destructible 
track, on which the wheels could be confined mechanically, and the 
cars or trains kept blocked a proper distance from each other. 
For speed and economy we must have a lightening of the cars, 
upon principles and toa degree which have never yet been attempted 
in the construction of any vehicles except bicycles and tricycles. 
For such track construction, that is for absolutely non-derail- 
able cars, a metallic tunnel obviously forms an ideal road-bed, in- 
asmuch as a car can be confined therein as surely as can a piston 
in its cylinder. The same general principle (of holding a car down 
otherwise than by the present system, of ballasting with unneces- 
sary weight) can obviously be applied to an elevated road, but not 
successfully to any sort of a surface road with grade-crossings or 
other interferences. Our future railways will embody both the 
over- and under-ground methods, as circumstances shall dictate- 
In favor of tunnels it must be remembered that they lose much of 
their unpleasantness when brilliantly lighted by electricity, and 
when no fire, smoke, steam, water or gas is permitted within them. 
In designing the non-derailing roads of the future, it is evident 
that one of the enormous difficulties to be overcome will be how to 
manage switching from one track to another, or, preferably, how to 
abolish switches altogether. These are not, however, unsolvable 


* For an analysis of train weights, see an article by the writer in Zhe Forum, Jan., 1891. 
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problems. An incidental advantage of an unbroken track is its 
adaptability to some system of grip track-brakes, whereby fast- 
running cars can be stopped in distances much shorter than where 
mere wheel-stopping is depended upon. 

To the student of this subject a dozen years ago, it seemed 
possible, by sufficient care and expenditure, to make a railway 
almost absolutely safe and comfortable, but in the attainment of 
very high speed there arose insurmountable difficulties, chiefly on 
account of certain limitations in the locomotive. ‘There were, it is 
true, rumors in the air of electric railways abroad, but few Am- 
erican engineers would have risked their reputation for sanity by 
seriously expressing an opinion that a new era of propulsion was 
dawning. So rapid, however, have been the strides of electrical 
science that the mist of doubt is cleared away, and looming up in 
the clear atmosphere is a newly-created warlike steed, with fire 
in his nostrils, who has already slain his thousands of street-car 
mules, and is panting for a fray with the great iron horse himself. 

Recent statistics tell us that there are now running, in the 
United States alone, nearly 4000 electric street-cars, upon 2000 
miles of track, with as much more similar plant in course of con- 
struction. ‘These cars run faster, more cheaply and under far more 
perfect control than do their predecessors, the horse-cars. In 
America this system of propulsion is commercially but four or five 
years old, and is barely out of its experimental stage; yet it is a 
magnificent practical success—with more than $50,000,000 invested 
in it—-and this under some of the worst conditions possible for 
railway work. Some of these conditions consist of very narrow 
wheel-flanges ; rough tracks, obstructed with water, snow, mud, 
gravel and foreign vehicles ; curves as sharp as thirty feet radius, 
grades as steep as 12 per cent. etc. A service more nearly re- 
rembling that of our present steam-roads is that performed by the 
City and South London Railway, which is practically the first un- 
derground electric road in the world and is already a great success, 
having during the eighteen months of its existence carried more 
than 7,000,000 people, with a run of over 500,000 train-miles. 
Although not entirely perfected, a road like this forms one of the 
notable object-lessons by which we are learning how to travel. 

In the light of such experience there is no question whatever 
about the success of either a subterranean or an elevated electric 
road, if properly designed to meet the new conditions involved—and 
the running may be at any speed which can be madesafe. We may, 
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therefore, in our further study of the ideal railway, positively leave 
out of the question the steam-locomotive. Great as have been the 
performances of this wonderful and beautiful monster, he not only 
refuses to climb very steep grades but he has utterly failed, in the 
matter of speed, to keep pace with his improved behavior in other 
respects. In proof of this we have records of English engines 
going at the rate of 75 miles an hour, forty years ago; and that 
is the maximum work of our present machines, although they may 
have occasionally touched a go-mile rate as a phenomenon. 

Until quite recently regular railroad-men have been inclined 
to smile at the mention of electric propulsion, but a great many 
of them now admit that it is probably the proper thing for 
elevated lines and other special constructions. Comparatively 
few, however, are yet ready to accept the probability of electricity 
displacing steam upon the ordinary railways already in existence. 
These, who are among the most progressive in our great corps 
of railway managers, are carefully watching developments, and 
stand in a waiting attitude ready for whatever revolution may 
come. The electrical engineers, as a rule, are quite sanguine 
about the future use of the electric current on all classes of rail- 
ways, and they are naturally proud of the great achievements that 
have already been made in street-car service. The attitude of 
mechanical engineers in general is one of doubt, especially as 
regards the ordinary railway. Several carefully-studied papers 
have been written lately with long arrays of figures which, in their 
authors’ estimation at least, respectively prove both sides of the 
argument. The writer confesses that he has hardly made up his 
mind upon this difficult question, but he inclines to the opinion 
that the experiment will be tried in the near future, and that it will 
result in a fair measure of success, especially if the cars are made 
lighter. We cannot, however, expect extremely high speeds with our 
present form of roadway, on account of the liability to derailment 
and collision with foreign vehicles. 

A question which has been agitated a good deal among engi- 
neers who admit the desirability of electric propulsion in general, 
is whether a train shall be drawn by a so-called electric locomotive, 
or whether each individual car shall be made self-propelling, by 
having the electro-motors upon one or more of its axles. There 
are many who favor the former method, but it is difficult to see 
why—-unless because it is a less radical departure from the old sys- 
tem. The arguments in the case of steam-propulsion are all on 
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one side of this question, and absolutely show the necessity for a 
separate locomotive, it being entirely impracticable to divide up the 
boiler and engine, with their complicated mechanism and the neces- 
sity for skilled attendance, among a number of separate cars. 
Forcunately the heavy load which it is necessary to carry, in the 
shape of fuel, water, boiler, etc., gives nearly enough weight for 
traction purposes—that is for the friction necessary to keep the 
wheels from slipping on the track; although there are frequent ex- 
ceptions in the case of wet rails and up-grades. If we could doas 
the old woman in the story advised the Mississippi steamboat cap- 
tain to do, “ bile our water on shore,” and if, furthermore, the steam 
thus generated could be picked up in small quantities as it was 
wanted, along the track, and could be used in a small simple rotary 
engine attached to each car-axle, then the best course might be to 
abolish the locomotive and run the cars as self-propellers. 

In using electricity we have just the conditions that we cannot 
have with steam: a rotary motor which is as simple, as far as its 
motions are concerned, as a churn or a grindstone; which can be 
mounted upon or geared to the car-axles direct ; which requires 
but little or no attention while running and which picks up the cur- 
rent of electricity that drives it by a simple wire connection, as it 
progresses along the line. Furthermore, this electricity can be gen- 
erated in stations located at proper intervals along the route, where 
the water is boiled “on shore” to run the great engines which pro- 
duce by means of dynamos the required current. This water, more- 
over, is boiled with a far greater degree of economy than it possibly 
can be in the locomotive, with every advantage in saving of fuel 
and attendance which can be gained by large triple- or quadruple- 
expansion condensing-engines. The great economy thus obtained in 
coal consumption will undoubtedly go far to offset, if it does not 
entirely overbalance, the loss of electricity by waste along the line, 
and by a certain inefficiency in the dynamos and motors, 

One of the most obvious advantages of this system being the 
absence of any real necessity for a locomotive, it would certainly 
seem very foolish to nearly or quite double the total dead-weight 
propelled by building such a machine, and ballasting it with enough 
iron or brickbats to get the necessary traction, when each car can 
itself carry the required simple motor mechanism ; and when, with 
its own weight and that of its passengers, no matter how lightly it 
may be built, it will be sufficiently heavy for tractile purposes. 

A peculiar and valuable feature of electrical propulsion is the 
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ability to frequently dispatch short trains, or single cars, with as 
great economy of power as long trains—each car being able to 
select, at each instant of time, the exact amount of electrical energy 
needed for moving itself and its load, and this at any inclination of 
grade that it happens to be upon. Besides, the adaptability of 
the current to its functions permits a car under some circumstances 
to be braked electrically, in which case it is possible to repay 
power to the general fund, instead of wasting it in brake friction. 

It is of course unlikely, for very many years to come, that there 
will be any radical change in the road-beds of the vast net-work of 
our existing railways, except in the matter of stronger tracks and 
bridges, and the avoidance of grade-crossings and some other evils 
which are now being reformed upon our richer lines. Such reforms 
will bring them only to the high grade of efficiency and safety 
already existent upon the English and some other foreign roads. 
It is probable, however, that some form of highly-organized ele- 
vated railway, built with scarcely any regard to the saving of first 
cost, and with a vast amount of dead-weight in the track, rather 
than in the rolling-stock, will before many years be built upon 
some route where the traffic is large enough to pay the interest 
charges on an enormous first cost, in addition to meeting the com- 
paratively light running expenses. This road will be so built as to 
make derailment impossible ; will be without switches or crossings ; 
will have running upon it, driven by electricity, light narrow cars, 
either singly or in short trains, which will be sharp in front and 
smooth upon the sides, after the manner of a bird, in order that 
air-resistance may be reduced toa minimum. If, as is probable, 
the electricians succeed in perfecting an electric block-system 
(something that has been already experimented with in England by 
the lamented Professor Jenkin and others) which shall make it 
physically impossible for one train to approach another, either be- 
fore or behind it, within a pre-determined distance, then there need 
be no speed limit except that due to the requirements of not brak- 
ing a car so rapidly, within a given available stopping distance, as 
to throw passengers violently from their seats, 

The actual speed which will be obtained is of course extremely 
problematical as yet, but there seems to be no inherent mechanical 
reasons why we should not, on long and absolutely clear stretches 
of track, obtain a velocity approaching two hundred miles an hour. 
There will of course be no drawbridges or other artificial gaps, and 
everything about the roadway and its foundations will be built with 
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such an enormous surplus of strength, toughness and rigidity that 
no ordinary causes can possibly disturb it. The cars of this ideal 
track will be so confined that they cannot leave it, even should 
their wheels and other machinery be entirely broken up. Such ma- 
chinery will of course be made of the toughest material, but will be 
so placed as to do little damage should it meet with accident due 
to hidden structural weaknesses. 

These cars will be so lightly built that the coefficient of dead- 
weight will be very small, and the stopping and starting quickly will 
be, even at the high speeds attained, a comparatively easy matter. 
The old-fashioned notion that the power required to move a vehicle 
is as the square of the speed has in recent years fallen into disrepute, 
and although we have not yet made sufficiently definite experiments 
to accurately formulate a law concerning this matter, it seems 
tolerably certain that while the air-resistance may approximate this 
rate of increase, it will not entirely follow it, if the front of the train 
is shaped to properly cleave the atmosphere. The other resistances, 
due to friction, etc., probably increase very nearly as the speed, and 
will, therefore, cause but little more loss of power at a high than at 
a low speed, when a given distance is considered. What refine- 
ments our inventors may attain toin the way of roller bearings, as 
they have already done in the bicycle, and what they may do in the 
way of guiding the car sidewise by. rolling friction, rather than by 
the grinding friction of wheel flanges, we cannot yet determine. 

The cars in question will of course be lighted, and probably 
heated, by the same electric current which drives them. If it should 
prove practicable to use rubber tires upon the wheels it is easy to 
imagine the delightful smoothness and quietness with which they will 
run—and this through air untainted with sand, cinders or steam- 
whistles. If, to secure lightness, they are not fitted with as many 
hotel conveniences as are our present “ Pullmans,” it must be re- 
membered that the trips will be so shortened that the want of them 
will scarcely be felt, at any rate upon routes of moderate length. 

To make the high speeds referred to practicable, curves will be 
avoided as much as possible, and when they do exist they will be 
_ made of the greatest practicable radius. This method of line loca- 

tion will, however, be favored by the elevated form of construction, 
and by the fact that it will not be necessary to pay so much atten- 
tion to avoiding grades as is the case with our present roads. Not 
only, as before stated, can an electric car mount a much steeper 
grade than we now deal with, but from the inherent nature of this 
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method of transmitting power it is possible (though the principle 
is not yet fully developed) to brake acar electrically upon a down- 
grade, so that for the time being its motor becomesa dynamo. This 
generates an extra current and restores it to the line, which in its 
turn supplies some of the necessary excess of power at the up- 
grades. Thus a track may undulate up and down to a considerable 
extent without the disadvantage of great loss of power inherent in 
our steam railways. ‘This principle will therefore favor the arching 
upward of bridges in mid-channel, for clearance of boats, without 
elevating the approaches to so great an extent as is now done. 

In regard to the location of the pioneer railway of the type in- 
dicated, it seems reasonable to infer that it will be built either be- 
tween London and Liverpool or between New York and Philadel- 
phia—for the reason that the traffic is probably of greater volume, 
upon these routes than anywhere else inthe world. It is not likely, 
however, that sufficient capital could be procured at the start for 
so large an experimental investment as would be required to build, 
for instance, the whole ninety miles between the last-named two 
cities. It would seem better that a small portion of such a line should 
be built first, but long enough to give a proper trial to the high 
speed desirable, without spending all the time in starting and stop- 
ping. It may be that when one of the proposed new bridges is 
built across the Hudson river the best place to try the first section 
of this “ railway of the future” would be from the heart of New 
York city to some central point in a busy city like Newark, keeping 
in mind an open route for the future as an extension to Philadel- 
phia. 

Should a few hundred miles of such a road as this be built, and 
become a success as regards safety, comfort, speed and economy, as 
undoubtedly it eventually will, after sufficient experimenting, the 
new system would gradually spread throughout the world, obvi- 
ously concentrating itself at first about large cities where the traffic 
was sufficient to warrant the expenditure. The lessons learned by 
such a system of transportation would enable the ordinary roads to 
adopt many of the new principles involved, and we should see a 
gradual evolution of new methods, leading to changes of which we 
now can scarcely dream. These changes would spread gradually 
away from the large cities to the more thinly-populated country 
districts. They would at first affect passenger lines only—the old 
roads, with their old methods, being kept mainly for freight pur- 
poses, and perhaps for local short-distance passenger traffic. The 
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new principles and methods would probably eventually extend in 
whole or in part to freight traffic also. 

It is difficult now to say how the changes indicated will come 
abcut, whether by a comparatively slow process of evolution, add- 
ing improvements little by little to our present methods, or whether 
capitalists will be found with sufficient nerve to precipitate the sud- 
den change of methods which our rapidly-gained electrical ex- 
perience would seem to call for. If it be asked how the actual 
work is to begin, the answer is: by the earnest codperation of a 
body of engineers and scientists, backed by a syndicate of bankers. 
Such a great work cannot, if it is to prove successful, be left to a 
few individuals, or to an ordinary company whose sole object is to 
build as cheap a structure as possible upon which to run their 
trains. The matter should be taken up by a powerful syndicate of 
capitalists, who should employ a commission of the ablest engi- 
neers available. This commission should not be composed of rail- 
way engineers alone. Such men, although perhaps of great ability 
in practically constructing and managing our present systems, are 
educated too much in conventional grooves to take the broad view 
necessary in instituting so radical a change of methods. In their 
defense it should be said that it is their business to be conventional, 
and their employers, the railways, could not afford to have them 
otherwise. ‘There should be, however, enough of them in the new 
commission to give ballast and conservatism. Then there should 
be thoroughbred mechanical engineers, with an eye to all possible 
constructions based on correct principles, no matter how novel the 
form. ‘There should bea sprinkling of professional inventors to 
give originality, and last, but not least, a corps of electricians of 
the highest standing, especially in regard to practical experience 
in street-railway work. That it is possible for such a body of 
men to devise something better than our present system, at any 
rate for special locations, is a matter hardly to be doubted. 

If we may judge by the wonderful stories occasionally appear- 
ing in the daily newspapers there are already some schemes on foot, 
for extremely rapid transit. They seem mostly to be based too 
nearly upon old forms of road-bed, or else to have run wildly to 
some absurd extreme. ‘They all appear to be in harmony however, 
in regard to making the cars too heavy and the track too light and 
cheap. Furthermore, some of them are located at ground level, 
which would of course be fatal—in more senses than one. 

It is hardly necessary to touch upon the great importance to the 
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traveling public of far higher speeds than we have been accus- 
tomed to conceive of as practicable. There are now carried by 
the railways between New York and Philadelphia not far from 5000 
people every day, besides all of those who travel oniy a part of 
the distance. ‘This is about 1,825,000 through passengers per year. 
If the time spent in these journeys could be shortened from an 
average of say 2} hours to a little less than one hour, the saving to 
the passengers would be three million hours ; and this with a speed 
only a little more than roo miles per hour. If we value the time 
of these people at an average of twenty cents per hour we have 
$600,000 saved annually—or the interest at 5 per cent. on $12,000,- 
ooo. Should it be found practicable to make two or three stops ex 
route, these figures would be largely increased by the way travel. 

What extra fares the passengers would be willing to pay for this 
fast service it is difficult to predict. Such a radical change in the 
speed and convenience of travel would however cultivate and 
enormously augment the ¢raveling habit. Not only would many 
classes go much oftener than now, because of the time saved zx 
transitu, but because of the convenience of being able to start at 
such frequent intervals, as say, ten, fifteen or twenty minutes. Of 
the social and commercial changes that will be brought about when 
a New Yorker finds Philadelphia practically as near as are Brooklyn 
or Hoboken now, we can at present form no adequate conception. 

The number of passengers traveling locally both ways between 
New York and Newark is not far from 16,000 daily, and is con- 
stantly on the increase. Such part of this number as could be 
tempted to take an eight or ten minutes spin (when there is a 
bridge built) instead of going by the old routes, would form a 
nucleus of patronage which would be worth considering. It 
would therefore seem probable that this location is destined, 
perhaps long before the twentieth century shall dawn, to be the 
scene of an experiment which will inaugurate the New Era in rail- 
way construction and operation. 

In regard to the future development of travel by rail, there can 
be no doubt that it will be largely stimulated by all improvements 
which tend to make it safer, more rapid and cheaper. The recent 
wonderful increase of patronage upon the Hungarian railways, due 
to the adoption of the “zone system,” wherein the fares are not 
only cheaper, but simplified to an extent that appeals to the imag- 
ination and excites a desire to ride, is a lesson that we shall some- 
time heed. Something of the kind may in this country be destined 


— 
} 
4 
q 
4 
| 
f 
vi 2 
4 
; 


682 THE RAILWAY OF THE FUTURE. 


to do for our passenger traffic what cheap and uniform postage has 
done for our letter-writing—especially if we can contrive some way 
of managing our railways as a unit, and thus get rid of the loss and 
waste due to competition and litigation. It would be interesting to 
know the effect that would be produced upon our volume of travel 
if we could combine with some of the mechanical advantages indi- 
cated in this essay an absolutely uniform mileage ticket, to be 
bought anywhere like a postage stamp, at, say, one cent a mile, and 
good at any place and time until used. When we combine with 
it the coming 24-hour numeration of time (which has already 
been adopted by The American Society of Civil Engineers and by 
several railway companies in this country, as well as by the Govern- 
mental railways of India) and some simple system of universal time- 
tables, the traveler will begin to be relieved of the brain and nerve 
stresses which now add so much to the fatigue of his journeying. 
It must be remembered in favor of the general reform herein 
predicted, where an enormous investment in permanent-way allows 
safety and rapidity of motion in rolling-stock, with cheapness in its 
construction and operation, that volume of travel, and consequent 
income, can be almost indefinitely extended without very much in- 
crease in interest charges. This is especially true with extremely 
high speeds, on through lines, because a great many trains, or sin- 
gle cars, may be upon a track at once and yet be “ blocked ” a suf- 
ficient distance apart for safety. The principal increase of ex- 
penses is obviously for the cars themselves, for attendance thereon, 
a and for the comparatively small amount of power required to drive 
structures so lightly built and running so easily as the steel-alum- 
inum-rubber-leather-paper passenger coaches of the new régime. 
If we look about us for the need and manner of the improve- 
ments indicated, we find that our methods of travel need reforming; 
hence the Why. The experience of three-score years and the sci- 
entific knowledge of to-day, personified in the engineers of Europe 
and America, will show us the Yow, Shall not the last decade of 
this century of science show us the When? Are our capitalists 
ready with the Wherewitha/, spending their money that more may 
. come, and crowning with laurels their own brows as the men who 
first nurture into vigorous life-buds and blossoms that shall ripen 
later into the full fruition of the ‘‘ Railway of the Future”? 
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GOLD-MINING IN THE BLACK HILLS. 
By Harry M. Hanson. 


T would be difficult to exaggerate the marvelous wealth of the 
] Black Hills country. Marvin Hughitt, the well-posted presi- 
dent of the Chicago and Northwestern Railway, than whom no 
one has had a better opportunity to know whereof he speaks, has 
declared the territory one hundred miles square, comprising the 
Black Hills, to be the richest spot of like dimensions on the globe. 
To the outside world the Black Hills are known chiefly for their 
production of gold and silver, and lately as being the site of cer- 
tain tin mines, the condition of which has been hedged about with so 
much mystery as to confuse beyond measure the average reader. 
The Black Hills interest has been developed in the face of ob- 
stacles any one of which would have been the death-knell to a 
country less richly endowed with mineral wealth. In this region 
the last determined stand was made by the savage aborigines ; the 
gold- hunters risked their lives to reach the mines, and it was years 
before the Hills became a safe place for either living or “ prospect- 
ing.” After the war-whoop had died from the hills and valleys, and 
hostile bands had ceased to molest immigrants on the plains ad- 
joining the foot-hills, the cost of transportation was so high as to 
prove almost as effectual in keeping away settlers as the bullets of 
the Indians had been before. Now, however, two trunk-line rail- 
roads have penetrated the Hills, and two narrow-gage systems 
wind up the vaileys and ravines, cross the cafions and climb the 
hills, together affording the facilities heretofore so sorely needed, 
and bringing the Black Hills, with rapid strides, into prominence. 
In 1873 the discovery of placer-gold called attention to the 
hidden treasures locked in the Hills, but it was not until 1874 that 
they were explored to an important extent, and not until 1876 that 
they were fairly open to settlement. The last Federal census 
shows that in sixteen years the population has increased from noth- 
ing, practically, to over 50,000 souls. In the census year the pro- 
ducts of the mines of this region, according to a Census Bulletin, 
amounted to $3,376,656, of which $3,305,843 represented gold and 
$70,813 silver. But this indicates only a portion of the varied 
wealth of the region, for besides gold and silver, according to an 
683 
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official enumeration, the Black Hills contain antimony, asbestos, 
barytes, brick- and fire-clay, building-stone, cement, coal, copper, 
glass-sand, granite, graphite, grindstone, grits, gypsum, iron, irid- 
ium, lead, lime, iimestone, manganese, marble, mica, nickel, ocher, 
petroleum, pyrites, roofing-slate, salt, stucco, tin, talc, zinc, etc. 

The commencement of gold-mining in the Black Hills was in 
1873, when attention was confined exclusively to placer-gold. Since 
that time claim after claim has been located until they now number 
thousands, and several hundred are being actively worked. The 
placer mines having been about exhausted, the claims now worked 
are what are known as “lode claims”; that is, claims in which the 
gold is found in veins of ore-bearing rock. The first lode mine 
that was opened on a large scale in the Hills, and which alone has 
made that country famous in mining circles, was the Homestake. 
This mine at present employs an enormous force of men, working 
night and day “shifts,” year in and year out, and pays out over 
$100,000 a month for labor alone. Titus E. Corkhill, of Lead City, 
State Mine Inspector of South Dakota, is authority for the state- 
ment that the average monthly output and clean up of this mine last 
year was from $400,000 to $500,000. It has been officially esti- 
mated that the total output of the Black Hills has amounted 
in value to $40,341,028, including $39,423,776 worth of gold and 
$917,262 worth of silver. — 

The ore in the Homestake mines is what is known as free-mill- 
ing ore, but of a low grade. The method by which the ore is mined 
and handled is what makes the Homestake Mining Company 
such a remarkable success. They take advantage of nature’s laws, 
particularly the law of gravitation, and do all the work, so far 
as practicable, by means of machinery, avoiding the expense and 
delay attending numerous handlings of material. For example, the 
fire-wood and lumber used in the various engine-rooms and mine- 


shafts is hauled by the narrow-gage Black Hills and Fort Pierre 


Railroad to a point from 300 to 500 feet above the place where it 
is to be used, and from here, by means of what are known as 
“wood chutes” and the force of gravitation, it is transferred to the 
desired point without other handling than simply throwing it from 
thecars. The same method is extended to the handling of ore. Cars 
are filled with ore by means of chutes from floors or levels above ; 
and when a car is once filled with ore, no matter from what “ level ”’ 
it may be taken, the ore is ever after handled by machinery, being 
transferred to the various stamp-mills and crushed through the 
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agency of steam or water. The pulverized ore is allowed to flowina 
stream of water over copper plates thickly covered with mercury. 
The gold is caught and held by the mercury, while the waste dirt 
is carried off by the stream in its precipitous descent down the 
mountain side. Twice each month they have what is termed a 
“clean-up,” when the amalgam is taken from the copper plates, 
retorted and the gold is melted and molded into “bricks” and 
shipped to the “ bullion office” or to the mint for coinage. 

But it is the method of mining the ore with which this article 
has to do, particularly. In every mining district the method of 
work depends.almost entirely upon the formation of the ground 
and the position in which the ore or mineral is found. Thus in 
districts where the ore veins are steep, narrow and quite rich, a 
shaft is sunk and then the ore vein is followed up, the “ workings” 
being timbered by logs called “ stringers,” reaching from wall to 
wall. These walls are the boundaries of the vein on either side, 
and are known as the “foot wall” and the “hanging wall” of 
the ore ledge. As the “working” advances, planks (called in 
miner’s parlance, “ lagging”) are laid on these logs, forming long 
boxes called chutes, for carrying the ore, as it is mined or “ broken,” 
to the lower floor. Here cars transfer the ore to the shaft, 
and it is taken thence to the surface. In cases where the vein or 
lode is broad, or lies horizontally instead of standing vertical, 
as is many times the case in the Black Hills, and a large amount 
of ground is required to be worked over, the excavation made is 
called a “stope,” and another system of timbering adopted, called 
“stope timbering.” In such mines the great problem with mining 
men is how to substitute for the worked-out ground some safe and 
sure means for holding up the top and sides of the “stope,” and 
furnishing a solidity to the ground that can be depended upon. 

In anthracite-coal mining an enormous pillar of coal is left stand- 
ing at regular distances throughout the chamber. These pillars take 
the greater part of the weight of the ground which is overhead. 
Little or no attention is paid to the sides, they being hard and 
compact enough to stand without other support. But in cases of 
loose formations, or uncertain ground, as in the Black Hills country, 
it becomes necessary to use artificial means of support, #. ¢., tim- 
bering both for the ground overhead and the side walls. The style 
of timbering used in the Black Hills is at once the simplest and 
the most efficient substitute that can be used to hold up the thou- 
sands of tons of rock. A “set of timbers” consists first of a 
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log eight feet long with a tenon on each end, 6x6x6 inches, 
called the post. Then comes the cap, consisting of a log 54 feet 
in length, and with a tenon 12x 12x6 inches. ‘Then comes the 
tie, which is like the cap in all respects except that its tenon is 12 
inches long by 6 inches wide. After the post is put in position 
another post is selected near it, and pieces of heavy iron, hasp- 
shaped and square at the top, are driven into these two posts and 
pieces of heavy plank are passed through the openings of these 
irons, which are called “dogs”; and with the aid of a similar 
brace constructed with the next two adjacent posts a platform is 
made by means of which the “timber-gang,” consisting of three 
men, can attach the cap and tie. After the set is placed in posi- 
tion a “brace,” consisting of a smaller piece of timber, is placed 
against the joint of the post and cap, or post and tie. Without 
this brace all strain put upon the timbers would tend to throw them 
out of place, and the timbering in a stope would be useless unless 
it insured solidity and compactness, Great care is required in cut- 
ting the timbers and making tenons, and for this reason it is all 
done by machinery. Should the timbers be so cut that they fit 
poorly, there comes the inevitable “ swinging of the timbers” which 
results finally in the set failing to do its work, and unless the 
ground above is very firm, hard and compact, the stope caves in. 
As the work of mining progresses these sets of timbers are placed 
one upon another until quite a chamber is formed. An example of 
this is found in the enormous stope in the Highland mine, at Lead 
City. It is known as stope No. 5, on the fourth level, and is over 
170 feet high, consisting of seventeen sets of these timbers, superim- 
posed one on another. 

A “timber gang” consists of three men ‘who work together, 
handling logs which weigh many hundred pounds. A gang of good 
men, trained to work together, can put up about eight sets of tim- 
bers in a “shift” of ten hours, Inthe soft ground of the Black 
Hills every foot of the way requires timbering. First the shaft is 
lined with square sets of timbers, which are afterwards boarded on 
the side next to the earth, in order to prevent small particles of 
rock and dirt from falling into the shaft. Then when the tunnel is 
driven towards the ore vein, timbers called “tunnel sets” are put 
up. These consist of two posts and a cap, the posts being placed 
on either side of the tunnel, while the cap, which has mortises cut 
in either end to fit the tenon on the posts, is placed on top. 
Above the caps are laid two-inch planks, and still above these, 


4 
4 
| 
| 
er 
| 


ONIGNTONI SALID AO ARIA 


| 


are 


GOLD-MINING 1N THE BLACK HILLS. 691 


wedging the caps firmly to the posts, are blocks jammed in be- 
tween the planks and the top of the tunnel. At the entrance to 
the level where the shaft ascends, is a large chamber called a 
“station,” in which is placed a “ station set,” similar to the tun- 
nel set of timbers, only much larger. _ 

After sinking the shaft, and while driving the tunnel towards 
the ore vein, every foot of ground is prospected or assayed. The 
assayer determines the value of the ore either by fire or by wet as- 
says. This of course takes considerable time, and for that reason 
in free-milling ores a resort is had to “ panning,” which work be- 
longs to the “sampler.”” With a number of sacks and a small 
hand-pick he takes an average of the ground broken. Filling his 
sacks he goes to the surface and, after breaking the rock into 
many small particles, crushes it to powder in a mortar with a 
pestle. The powder is then placed in a large pan not unlike a 
shallow dish-pan, where it is mixed with water and by repeated 
washings over a tub with water in it, the lighter rock is gotten rid 
of. Continuing this washing, at the same time shaking well the 
contents of the pan, he rids the pan of all but the heavier particles 
of rock. In what is left he looks for the gold. Should he find any 
“color,” as the presence of gold is called, he reports it, and the 
rock is hoisted as ore. 

The “miner,” as recognized in the Black Hills and in most 
mining districts, does not include the man who shovels the ore into 
the car, nor the man who drives the mule attached to the car, nor 
even the timber-men; he is above all these. He is supposed 
to be a man of wide experience and must possess great strength 
and endurance, and undaunted courage. His duties may require 
him to work under tons of rock that are ready to fall and crush 
him. In going to work he stands on the edge of an iron bucket 
clinging to a rope while he is lowered to his destination, if the mine 
is a small one, or drops 4oo feet in half a minute, crowded with 
eight other persons on a platform five feet square, if the mine isa 
large one. Arriving on the level where he is to work he secures 
the tools—picks, drills and hammers—and proceeds to the spot 
where work has been allotted him. If he works alone, with a 
short drill and a three-pound hammer, he “ puts ina hole.” If he 
has the good fortune to be assigned a partner in his work, the 
partner “twists” the drill while he hits it blow after blow with an 
eight-pound hammer. To the uninitiated it is wonderful what 
skill these miners acquire with the heavy or double hammer. 
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Grasping the handle, about three feet long, with one hand on the 
end and the other placed about a foot above it, the miner with 
great rapidity and precision strikes the drill on the head. With 
each blow he hits the drill he emits a hissing noise from his lips, 
both to warn his “ pard” that the hammer is coming, and as a vent 
to his concentrated energies. With equally good time and pre- 
cision—for if he did not a broken fore-arm would be the conse- 
quence—his “ pard” brings out the drill about an inch and turns 
it alittle. This last is termed “twisting the drill,” and is not as 
easy as it would seem. It requires some nerve to stand there and 
let a big hammer whiz by your ear, remembering at the same time 
that if you do not keep time in “ twisting ” something will happen. 
The danger is heightened by the fact that the head of the drill is only 
about an inch broad, and the only light a couple of tallow candles. 
But the men at the hammer are always more or less expert, and few 
bad accidents occur. Occasionally, at a sign from the “ twister,” 
the miner desists long enough to allow the twister to clean the hole. 
He then changes places with his “ pard,” and the work proceeds. 
This routine is kept up until a sufficient depth is attained, when 
the hole is carefully cleaned and everything made ready for “ load- 
ing.” Dynamite is the explosive most frequently used in under- 
ground mining. It is nitroglycerin held by an absorbent, which 
forms a highly explosive compound that can be readily handled. 
The proportion of nitroglycerin used in most mines is 40 per 
cent. The explosive is made into “ sticks,” of which from one to four 
are used in a hole of four or five feet in depth. All the sticks to 
be used are carefully cut open with a knife and gently forced to 
the bottom of the hole with a piece of wood. Then is added the 
fuse, having at the end which goes into the hole a cap very much 
like the old style of percussion-caps used on muzzle-loading mus- 
kets. In this cap is a small quantity of fulminate of mercury, a 
chemical that insures the explosion of the dynamite. The fuse and 
cap being inserted in the cartridge, dirt is thrown into the hole and 
tamped down with a stick. The miner and his “ pard”’ then move 
their tools from the immediate vicinity, and after examining the 
braces nearest the hole to ascertain that everything is all right, 
they warn any others who may be in that part of the mine by cry- 
ing: “Fire one hole on the sill floor”—or wherever it may be— 
light the fuse and retreat to a safe distance. The explosion soon 
follows and as soon as the smoke has cleared away the miner and 
his “ pard” gather up their tools and proceed to their next assign- 
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ment. Before entering a place where “a hole has gone off” the 
miner carefully examines the ground overhead and around him to 
see whether the place is safe enough to work in. Having tested the 
ground they “bar” down and pick the loose pieces ; this done, the 
work in that portion of the mine is finished. Then follows the 
shoveler, who fills the cars with ore or waste, as the case may be. 

The great thing in the Black Hills mines, as indeed in all mines, 
is economy of work as well as expense. By making use of nature’s 
laws, particularly that of gravity, great outlays afe saved. A 
better illustration of this idea cannot be found than is furnished 
in the method of construction of a “raise” or “winze,” which is 
a small opening connecting two levels. This “raise” is started at 
the roof of the lower working and, in miner’s parlance, “ driven” up 
towards the level above, inclined at an angle of 75°. The miner 
or miners having the construction in charge drill deep holes, and 
after loading them with dynamite, as before described, crawl out of 
the “ winze”’ and retreat to a point of safety. When the “hole” 
is “ fired”’ the loosened rock falls down the “ winze,” impelled by 
the force of gravity, thus doing away with the need and delay of 
shoveling that would have been necessitated by beginning at the 
other end of the “ winze,” and sinking it shaft-wise. Then every 
pound of rock would have to be hoisted out with a windlass, which 
would create heavy expense, to say nothing of the extra men that 
would have to be put into the bottom to shovel the ore into buckets, 
and the delay incident to the whole proceeding. 

The same principle is applied in the mining of the ore wherever 
practicable. Where the claim is located on a hillside, with suffi- 
cient pitch, atunnel is “driven” into the vein and work pushed 
forward until a good idea of the nature of the ground is obtained, 
then a shaft is sunk at a distance from the body of the ore, and at 
every hundred feet levels are driven into the ore vein. At the first 
level worked, generally the 100-foot level, the vein is all “ stoped ”’ 
out, and the ground above being but a slight crust, preparations 
are made and it is allowed to cave in; when this happens it gives 
them what is known as an “ open cut,” in which the men work on 
the sides or walls and blast and “ bar” down the ore, which is con- 
veyed by means of chutes into cars and thence to the mill without 
other handling. Inthis the great economy consists in the fact 
that no timbering is required and but very little shoveling, and 
aided by gravity the men in the open cut “break” or mine much 
more rock than they can when working in a “stope.” 
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PRACTICAL HINTS ON HOUSE-HEATING. 
By Leicester Allen, A.B. M. E£. 
HEATING EXPERT. 


HE designer of a heating apparatus for a building stands in 
the same relation to the owner as the architect, with the 
difference that, as the architect has only himself and the 

owner to please, the expert who draws the plans and specifications 
for the heating plant has himself, the architect and the owner to 
satisfy. I might add that he has also to satisfy the contractor, 
since the latter will be asked usually to guarantee the work and 
will decline to estimate on it unless the drawings, plans and speci- 
fications are such that they plainly make it safe to give the required 
guarantee. This consideration fitly introduces the discussion of 
the phases that are assumed in the business of designing heating 
installations. 

By far the more frequent of these phases is that in which the 
contractor is himself the designer of the apparatus ; that is to say, 
he either makes the design personally, or has it made under his 
‘supervision, by some one in his employ. A second phase is that 
wherein the heating expert draws plans and specifications, either 
employed by the owner or by the architect, these plans being 
furnished to contractors for making estimates. A third phase is 
that in which a contractor desiring to enter into competition on 
some large and important job out of the common run of his busi- 
ness, employs a special expert to make plans, draw specifications, 
and make the estimate. Each of these phases of the business has 
its individual peculiarities. 

The contractor in making his own plans will be apt to seek in 
all possible ways to cheapen the work to the last degree it will 
bear and yet operate sufficiently well to meet the guarantee he will 
be required to give, enable him to obtain the architect’s certificate 
and get his pay. Rarely, if ever, is the best work put in in this 
manner. The best contractors will, of course, avoid doing dis- 
graceful work ; but between work actually disreputable and that of 
high excellence there may be a very wide margin. On the other 
hand there are petty heating contractors all over the country who 
will be satisfied with ashamefully disreputable job, if only they can 
contrive to get the work accepted and get pay for it. It is much 
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to be regretted that this class of contractors find employment 
in domestic heating work, as well as the heating work in rural 
school-houses and small churches. The prevailing ignorance as to 
what constitutes good heating and ventilation enables them to go 
on prosperously like quacks in other professions. But quackery is 
not confined to small contractors, as recent developments regard- 
ing the infamously defective ventilation in the public-school build- 
ings of New York city has proved. 

Upon no other subject connected with sanitary science has it 
seemed a task so Herculean as to diffuse information among the 
masses about ventilation. The effects of want of good ventila- 
tion are so subtile in their character, certain retribution for sins in 
this regard is so slow in coming, and when it comes is to uninformed 
people so seemingly unconnected with the sins, that it is almost 
impossible to bring such people to see the relation between cause 
and effect. At most, only a languid assent can be extorted from 
their minds to the proposition that good ventilation is essential to 
perfect health ; and when they are told by some petty heating con- 
tractor, possibly as ignorant as themselves, that the ventilation in 
a building is good, they accept the statement without question, 
unless the facts to the contrary are so plain as to be detected by 
that most unreliable of organs, the human olfactory apparatus. 

In either of the other two phases of the business, good work 
may be expected, although when the special expert is called upon 
to make a plan, specification and estimate for a contractor on some 
important job, he will often require all his firmness to hold up 
under the pressure for cheapness that will be brought to bear upon 
him. 

The most satisfactory of all ways in which to get designs for 
heating and ventilating apparatus is for the owner or architect to 
employ the expert under instructions that, while needless ex- 
penditure is deprecated, nothing the usefulness of which can be 
demonstrated, no feature for the introduction of which intelligent 
and satisfactory reasons can be assigned, is to be omitted. To get 
a good job, the cost must not control, but must depend upon what 
is needful. A good job must be the first aim ; to get this as cheaply 
as possible the subordinate end. Probably as good an example of 
a well-designed heating and ventilating apparatus as this country 
affords is that designed for and erected in the Metropolitan Opera- 
House, New York. Here the best results were reached—and only 
could have been reached—by putting cost into the background. 


| 


PRACTICAL HINTS ON HOUSE-HEATING. 


699 


Especially true is this as applied to the numerous tall office- 
buildings which characterize the present era in the large cities of 
this country. I have never been in one of them which could be 
called decently heated, and as to ventilation it would appear that 
this is entirely disregarded. If fresh air is wanted, it is only to 
be obtained through opened windows, in the strongest possible 
drafts and at the risk of scattering or disarranging valuable 
papers. So far the application of hot water to the heating of such 
buildings has seemed impracticable, and steam appears to be the 
sole reliance. The apparatus is designed to be powerful enough 
to supply heat for the coldest weather, and consequently overheats 
in mild weather ; and as most people will endure a close, stifling 
apartment in preference to a chilly one, overheated offices in tall 
buildings are the rule. Were there no other criticism to be made 
against tall buildings than the impracticability, without undue 
cost, of supplying them with good heating and ventilating appara- 
tus, this would in my opinion be sufficient to condemn them. If 
they are to remain a feature of modern life in cities some one 
ought at once to grapple with the problem of furnishing them with 
warmth and air in accordance with established sanitary principles. 
To get into a semi-perspiration, and to relieve the oppression of 
heat through the admission of a cold-air draft through a window 
of one of these buildings, is about as sure a method of laying 
a foundation for lung diseases as could be contrived, had this 
been the special purpose of a tall office-building. 

In designing an apparatus independently of any consideration 
for the contractors who will be invited subsequently to estimate 
upon the work, too much care cannot be taken to avoid any am- 
biguity in the drawings or the specifications. Not only the capacity 
of the boiler required, but the &zvzd, should be named—one of a 
kind best adapted to the character of the job to be putin. There 
are many things besides the mere capacity that may influence a 
selection. The head-room in the cellar may be scanty, and a 
boiler that can be conveniently erected in the space obtainable 
may compel a preference for one rather than another that might 
otherwise be chosen. The building may be one which, having 
been heated for many years by a hot-air furnace, is now required 
to be heated by steam. To avoid cutting through walls for the 
purpose of getting a boiler in the cellar, a boiler of the sectional 
type may be chosen; but whatever boiler may be decided upon, the 
decision ought to be final with the expert who draws the plans and 
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the specifications, and positively and plainly specified. The same 
remark applies to radiators, to valves and hot-air registers; in 
short to all the manufactured articles which contractors usually pur- 
chase from the manufacturers as part of the materials for the erec- 
tion of heating apparatus. ‘The exact way in which registers or 
radiators (if the latter are of the direct variety) are to be finished 
should be stated in the specifications, and the provision required 
for protection from fire where pipes pass near to or through floors 
or wood-work should be very carefully and accurately described. 
The covering of pipes in the cellar should not be merely stated as 
a general requirement, but the precise kind of material, or ma- 
terials, if more than one is to be used, as well as the thickness, 
manner in which the materials are to be applied, and the means of 
securing them in place, should be named. The most fruitful source 
of difficulty and disagreement between architects and contractors 
is ambiguous or defective specifications. Most specifications are 
not sufficiently specific with reference to details. The erection of 
heating apparatus is a business comprising a multiplicity of details ; 
if any are omitted or not sufficiently described, the seeds of mis- 
understanding and consequent friction between the architect and 
the contractor will be needlessly allowed to exist and in such a 
case the expert becomes a target for the reproach of both. 

The plans should indicate definitely the position in which all 
radiators or registers are to be placed ; the shape of the radiators,’ 
their heights and sizes of radiator connections, as they are techni- 
cally called (being the pipes for supplying and draining radiators), 
should be plainly marked on the plans. These should also plainly 
and unmistakably indicate the location of every pipe to be used 
in the apparatus, the sizes, the reduction of sizes in different pipe- 
runs, the position and sizes of reliefs, and all other details more 
easily shown on the plans than described in the specifications, or 
which if so described are more clearly understood by the aid of 
plans. 

The setting of the boiler should not depend upon a mere general 
requirement that it shall be done in a “ good, workmanlike manner.” 
That which will be claimed by contractors to be good and work- 
manlike, will, if left to them to specify, not often satisfy an expert. 
It is essential to the proper working and durability of a steam or 
hot-water apparatus that the boiler or hot-water heater should 
stand on a firm and solid foundation that will not settle. The ash- 
pit, moreover, should always be paved with hard brick set on edge, 
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laid in good mortar. This gives a smooth bottom from which the 
ashes are easily removed, and it will last as long as the apparatus. 
The mere grouting over of the ground to form a hard bottom for 
an ash-pit should never be permitted. If the boiler be of the portable 
variety, of which there are now a number of good onesin market, it 
ought to be covered on the outside with some non-conducting ma- 
terial the same as steam-pipes are covered and for the same pur- 
pose, to avoid over-heating the cellar at the expense of other parts 
of the building. If the boiler is to be brick set, the thickness of 
the masonry, and the manner of mounting the boiler should be ex- 
plicitly stated in all particulars. It is no uncommon thing, when 
this is not properly provided for, to find masonry giving away under 
the influence of expansion or from other causes within two or three 
years from the time of its erection, whereas it ought to last as long 
as the boiler. 

The sagging of pipes through insufficient support often causes 
a heating apparatus to work ill that has previously operated in a 
satisfactory manner. Hence the method and appliances for sup- 
porting the pipes should by no means be left to the judgment of the 
contractor. But frequently in these days of speculative skin-build- 
ing, the sagging of pipes is due to the settling of floors, and is not 
chargeable to faults in the plans and specifications, or to the neg- 
lect of the contractor. In the building wherein I am now writing 
there is scarcely a steam-pipe that is in the original position as left 
by the contractor and accepted by the architect as satisfactory. No 
one of the floors is level, and some of them have so sprung that 
many of the radiators can with difficulty discharge the condensed 
water. When steam is first turned on the system the water ham- 
mering in the pipes is to the last degree annoying, and at no time 
of the day are the pipes everywhere noiseless. I do not know 
whether the job was properly put in at first, never having inspected 
the work in the cellar, but no matter how well, the settling of the 
building and distortion of the floors would have been sure to let the 
pipes sag so as to form water-taps and obstruct the free flow of the 
steam. It should be known to users of low-pressure steam ap- 
paratus that the settling of a steam-pipe to an amount equal to its 
diameter is enough in many cases to interrupt the flow of steam to 
a radiator which the pipe supplies. The codperative plans and 
specifications purport to be a description of what the contractor 
will be required to supply and erect, and in nothing does the skill 
of the expert appear more conspicuously than in their completeness; 
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nothing will more accredit a planner of heating apparatus to an in- 
telligent architect than neatly drawn, comprehensive plans, and 
thoroughly drawn, explicit specifications. 

Indirect radiators are now used in one of two different ways, 
each of which has some advantages not possessed by the other. The 
designer will have to consider the merits of these methods. Such 
radiators placed in a cellar by putting them in boxes and hanging 
them on the floor beams as closely as possible to the registers con- 
nected with them work well generally, but an apparatus so erected 
renders a cellar nearly always useless for other purposes except 
storing coal, on account of the room taken up by the heaters and the 
pipe connections, and the temperature which the boiler, the pipes— 
even if well covered—and the radiators will maintain in the cellar 
space. The preservation of fruits, vegetables and other perishable 
substances in the cellar must, therefore, either be abandoned or a 
special cold-room must be provided. It is well-nigh impossible in 
most cases to so locate and inclose a cold-room that it will not in- 
terfere with running steam- or hot-water pipes, or the location of a 
radiator where it is required. There is this to be said, however, 
that, in a cellar containing steam- or hot-water apparatus, if proper 
special provision be made for ventilating (a provision that ought 
always to be made, though for the most part omitted), the air can 
be maintained dry and in good sanitary condition, provided that the 
cellar has a good cement bottom or brick pavement, and that the 
walls are so built as to exclude entirely any inflow of exterior sur- 
face water during wet weather. A goodclean and wholesome play- 
room for children in bad weather can thus be supplied—I assume 
that the boiler and coal-room are closely partitioned off from the 
rest of the cellar, as they always ought to be—except for the fact 
that it will nearly always be too warm for the comfort and health 
of children in active exercise. 

This evil is thoroughly obviated by another system of indirect 
radiation that has of late years been much employed by a leading 
steam-heating firm, and the advantages of which are so plain tothe 
expert that it ought to be used more generally. This method consists 
in placing the boiler and the indirect radiators all together, ina brick 
inclosure, and conducting cold fresh air from the outside into the 
lower part of the interior. Here, passing up over the heated surfaces 


of the boiler and the radiators, the air is warmed and is conducted by 
tin-pipes either to registers set in the floor or to the bottoms of tin 
wall-flues which conduct the heated air to the different parts of the 
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building. It has been objected to this system that it is difficult to 
obtain and maintain a uniform delivery of warmed air through the 
different pipes and flues; adifficulty which, doubtless, exists in some 
examples of apparatus erected upon this plan. It is certain that 
much skill is necessary in so arranging the plant as to secure uni- 
formly good delivery from all the registers, and it may be neces- 
essary—I think it would always be wise—to provide cold-air boxes 
leading from different sides of the building to obviate the some- 
times adverse influence of winds blowing from different quarters. 
With such provision and careful proportioning of the air-pipe areas 
with reference to their lengths and the number of elbows required 
in them, good circulation can be secured, and in my opinion no 
better system of heating and ventilation by steam or by hot water 
has yet been produced than this. If the brick work be lined with 
sheet tin the masonry may be light and thin, without danger of ad- 
mixture of cellar air and dust with that inducted from the exterior 
of the building. The system has, moreover, the advantage of 
cheapness as compared with the one described in the preceding 
paragraph. 

For schools and churches, where a fan-blower is employed to 
introduce fresh air, the system is admirable, and it can be erected 
in such a compact space that much room can be economized for 
other purposes. It can be placed on the floor of a basement, as 
well as in a cellar, and with careful designing can be so arranged 
that nearly all the air-pipes leading to the flues can be concealed. 

In conclusion, let me say that nothing but careful study in the 
application of natural principles and thorough knowledge of these 
principles, coupled with the determination to adopt and hold to 
that which his judgment tells him is right and good, can insure 
success to a heating expert. 
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EVOLUTION OF THE CONSTRUCTIVE 
FACULTY. 


By John M. Burnett, C. E. 


MONG the first and apparently the most instinctive of all 
A the faculties exercised by sentient beings is unquestionably 
the constructive faculty. We are taught this by observa- 
tion among even the lower animals. The birds are great builders, 
the African ant has long been a study for naturalists who like to 
trace a resemblance between the lower orders cf being and the 
self-asserted masterpiece of the Creator, and the accomplishments 
of the beaver have been regarded as little less than wonderful. 
The constructive instincts of the last named creature, indeed, 
seem to place him side by side with human beings in the possession 
of the faculties of reason. Having determined to become the 
founder of a family he selects the stream that he wishes to improve 
in accordance with his semi-aquatic needs, and then undertakes. a 
careful survey of its shores to learn the most eligible site for his 
proposed new Beavertown. It is to be presumed that all the sinu 
osities of the stream are carefully noted ; that the force of the cur- 
rent is observed ; that soundings are taken to know if the channel 
is navigable for logs, and that the most suitable place for a dam is 
thus selected. ‘Then comes the quest for material. The little en- 
gineer searches the forest for suitable trees, and displays his dis- 
crimination as a scientific naturalist by selecting willow, birch, and 
other light wood easily worked by the tools at his command. We 
are told, too, that he makes use of drift wood in his operations ; 
but we would suspect that he turns any force in nature that he 
finds working in his behalf to account when we observe the astute 
ness that always leads him to go up stream and never down 
stream for his supplies, and that enables him to know all -he econ- 
omy of water transportation. But however this may be, we know 
that he obtains his logs, and that, after moving them by water car- 
riage to the point where the dam is to be constructed and cutting 
them to the proper length, he arrangesthem in place, convex to the 
current if the force is considerable or straight if it is sluggish, and 
then with stones and soft earth closes all avenues of escape for the 
water until his reservoir is completed. 
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Thus far the beaver works exclusively in imitation of the engi- 
neer; but having completed his dam he is ready to become an ar- 
chitect and build his town. At this work his wonderful construc- 
tive accomplishments will be again observed. It was an old notion 
that he divided his dwelling into separate apartments, and this 
seemed to indicate a development of the social or domestic in- 
stincts that was quite remarkable. Closer observation, however, 
while rather exploding this notion, has added to the testimony 
in favor of his ability in construction. What were thought to 
be partitions are found to be posts erected to sustain the roof. 
It takes a long time for savages of the human species, whose be- 
ginnings in construction are supposed to be directed by reason, to 
conceive anything half so inventive as this expedient. 

Certain architects with esthetic notions will be likely to sniff at 
the idea that the beaver can be an architect in the true sense, or 
hold any relations with the architectural profession. But it is not 
so certain that they will be right. There is a good deal of archi- 
tecture beneath the conceptions of a beaver, and there is other 
architecture that would be structurally better had the beaver been 
more carefully consulted in the plans. 

In truth the constructive faculty is at once instinctive and logi- 
cal in both man and beast ; and it would be hard to tell at what 
period of life it is developed in the human species. Watch little 
children at play. You will observe that their earliest efforts are 
directed towards some form of construction. If you give them 
alphabetical blocks they will not begin their use at once by trying 
to distinguish one block from another. They will begin by piling 
the one upon the other in some form of structural combination. 
The combinations will be unmeaning perhaps in the first essays, 
but the little architects will be ready to combine them in the form 
of a house at the first hint that the blocks can be arranged in this 
form. Again, let them play by the brook-side, and you will soon 
find them building dams of mud, or training the water to run in 
new canals or channels. The alphabet they will study only after 
repeated efforts at tuition; but they will have launched whole 
navies of marine structures, improvised from chips, before they 
learn to spell either block or brook. It is doubtful, indeed, if they 
would ever learn to spell did they not find that even spelling is a 
form of structural combination that can be utilized for the gratifi- 
cation of their fundamental instinct for building. 

Constructivenes: is the first developed of all the human facul- 
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ties, and it is also the most enduring and the most persistent. 
Architects complain that their employers are constantly interfering 
with their plans. But their employers cannot help it. Having a 
work of construction to be executed they are drawn by an impulse 
as irresistible as the current of Niagara to direct the architect as 
far as possible along the line of their own conceptions ; and the 
sensible architect, confessing his subjection, will try to give archi- 
tectural features to plans which he may only in part have conceived. 
To say truth, he might not always have conceived so well had he 
been left entirely to his own devices. There is not a painter on 
earth who is not sometimes obliged to confess that the structural 
instincts of the unlearned may occasionally shame his learning ; 
and as to the engineer, he is generally a man of details executing 
the conceptions of men who are not accounted structural experts. 

Will this be thought derogatory to the profession of the engi- 
neer? It wiil not be thought so by any sensible engineer when he 
considers the universality of the engineering faculty. Compara- 
tively few of the great works of the world, using the word great in 
this case as a synonym for useful, were conceived by professional 
engineers. ‘The projector of the Erie canal was De Witt Clinton, 
merely a governor. ‘The projector of the Suez canal was De 
Lesseps, a French count who may have found a course in surveying 
sandwiched into his school curriculum, but who was certainly not 
a trained engineer. Not many years ago all the civil engineers 
of New York were at their wits’ end to devise a scheme of rapid 
transit that would stay the tide of population which threatened to 
fill up the waste places of Long Island and New Jersey at the ex- 
pense of Manhattan Island. Railways were projected over the 
house-tops, under the cellars, under the streets, through the middle 
of blocks, and in every location where a railway was thought engi- 
neeringly conceivable. ‘These plans were all doubtless highly 
scientific ; but as it was not felt that they could be commercially 
successful they failed of receiving the necessary kind of approval. 
Finally a bone-setting doctor quietly went to work and solved the 
problem that was bewitching all the civil engineers by causing the 
construction of the elevated railways. Dr. Gilbert did not con- 
struct these railways without the aid of the professional engineer. 
This is not the assumption. He only evolved from his structural 
consciousness a plan of rapid transit, certain to prove more popular 
than any other plan that will ever be executed, which he turned 
over to the engineer to be realized in brick and iron. 
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This is the common experience. When the Medicean wanted to 
get back to Florence after his expulsion he found the way block- 
aded by some works of military engineering that long proved too 
formidable for his resources. But they were not executed in 
accordance with the plans of the military engineer. They were 
executed after the plans of one Michael Angelo, sculptor, painter 
and architect, the same Angelo who was afterward kept so dili- 
gently at work road-making by the Pope that the labor interfered 
seriously with the execution of his pictures and statues. And 
what of Leonardo da Vinci? Here was another painter who 
might have contributed to art many great pictures that were never 
painted simply because engineering faculties were so strongly set in 
his mental composition that he was almost forced into their exer- 
cise both at home and abroad. It may be said that these examples 
are drawn from a period when professional pursuits were less spe- 
cialized than they are to-day. But, except for details, the engi- 
neering profession is never specialized. Most of the great works 
of this country, all recently constructed, were projected by men 
who were not professional engineers. Jay Gould, I believe, got as 
far as trundling a wheelbarrow at map-making before he began to 
build and buy railroads. But though he has built many railways 
since, he is no civil engineer. He is only a financial engineer. 

The writer would like to make, also, another point. He is read- 
ing with a great deal of interest those admirable articles, now ap- 
pearing in THE ENGINEERING MAGAZINE, on the water-front of 
New York, by William Nelson Black, and he must say that in all 
their bearings, political, scientific and constructive, they are among 
the most instructive engineering articles ever printed. Yet he is 
told that Mr. Black is not a civil engineer. He is only one of 
those constructive painters, one of the kind that can never keep 
their hands off engineering problems when they think that any- 
thing is going flagrantly wrong. If this be true, it certainly helps 
to prove the truth of all that has been said on the preceding 
pages ; and the civil engineers of New York can only atone for 
their past inertia by indicating their appreciation of good engi- 
neering suggestions. They should rise in open rebellion, and help 
Mr. Black to send all the drift-wood now floating around the piers 
of New York to the final crematory of everything evil. 


In reflecting on the number of great engineering works that 
5 5 

have been projected by laymen the suggestion that first comes to 

mind may not seem quite flattering tothe engineer. Can it be true 
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that a technical training is calculated to keep the attention fixed 
only on structural details, and to weaken those powers of compre- 
hens've generalization from which great conceptions spring? This 
is the question that one is at first inclined to ask; and there are 
not wanting examples in other professions than engineering that 
seem to warrant an affirmative answer. We know, for example, 
that many lawyers who stand very high in their practice at the 
bar are yet exceedingly poor judges of constitutional law. Our 
legislative bodies are composed very largely of lawyers. Yet no 
session passes without the return of bills from the executive on the 
ground of unconstitutionality, and the objection is generally sus- 
tained. When these bills were under consideration, however, no 
hint of unconstitutionality ever came from lips that might be sup- 
posed to never open without the utterance of such wise phrases as 
“ organic law,” ‘ fundamental truths,” or “ constituent principles.” 

But this example is by no means conclusive. It is certainly not 
the excess of technical training, nor even the habit of special plead- 
ing, that contracts the horizon of the lawyer. It isthe lack of a 
technical training of*the broader kind. The best judge of consti- 
tutional questions among men with equal faculties of ratiocination 
will be the men most conversant with history; and lawyers are apt 
to be weak on constitutional law simply because their general educa- 
tion has been neglected. A man not thoroughly trained in history, 
and not familiar with the constitutional principles of all countries 
that limit the exercise of authority, cannot bea good constitutional 
lawyer no matter how much he may know about marriage and di- 
vorce, contracts, criminal procedure, seizure and possession, and 
such like accomplishments. But as it is with the lawyer so also 
must it be with the engineer. It is not his technical training that 
prevents his becoming an originator, It is in part a careless habit 
of not sufficiently regarding the fundamental objects of his art. 
His technical training should give him great advantages as a pro- 
jector, and it doubtless does give him great advantages in the pro- 
jection of works, which, like the Eads jetties, for example, require 
inventive skill even in the conception; but it will not teach him 
what it is desirable toundertake, This isa knowledge that springs 
from the intuitions of men, and the amateur is as likely to have 
large intuitive faculties as the professor. 

To confess the truth, it must be said that the engineer, com- 
pared with men in most other professions, is placed at a disadvan- 
tage. He is simply crowded from the position where he should 
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win his highest distinction by the omnipresence of the construc- 
tive faculty. There are only a very limited number of engineers in 
the world ; but the men who plan engineering works pretty nearly 
equal in number the census returns of population. Nothing of the 
sort is true of the legal profession. There are plenty of litigants 
by instinct. But there are no lawyers by instinct ; and it happens, 
therefore, that the lawyer is sometimes treated with a deference 
greater than his accomplishments warrant. The average lawyer is 
a man who knows the law after he has looked it up. His knowl- 
edge of court practice gives him advantages ; but the layman may 
be just as alert as the lawyer in consulting the revised statutes, and, 
after running over Blackstone, almost as learned. Still, as he would 
not know how to navigate the tortuous channels of legal practice, 
he always thinks it necessary to take on a pilot. But this is not 
true of engineering. The structural instinct is so strong that most 
men who have planned an engineering work would almost think 
themselves equal to its execution. They would only call in the 
engineer to save their valuable time. 

It must be said, however, that the engineer is often himself to 
blame for the facility with which he is pushed aside by the layman. 
Naturally enough, he is more likely to be captivated with an idea 
that is scientific than with one that is simply practical but without 
any marked scientific features ; and as a consequence the considera- 
tion of economy works in behalf of his rival. An accomplished 
engineer would probably have been ashamed to project the elevated 
railways of New York. They involve nothing more in plan or con- 
struction than is involved in the simplest of iron bridges. But, 
down to date, they have proved to be the only conceptions that 
capitalists can appreciate, notwithstanding the promptings of men 
who are accomplished journalists, constructors, and financiers. 

Finally we come to a conclusion and itishere. The constructive 
faculty is so nearly universal that the members of the engineering 
profession cannot expect to become the monopolists of good plans ; 
but they can greatly enlarge their opportunities for exercise and 
ride more comfortably if they will learn to bridle and saddle their 
science, and teach it to amble gently over common roads. In the 
projection of a good work, if the plan be supplemented by a little 
tact at financial engineering, there may be fortune ; but in the ex- 
ecution of the plans of other men there is only a contract ora 
salary. If only a contract or a salary, too, the money is sometimes 
very difficult of collection. 
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Conducted by Franklin L, Pope. 


is his inaugural address before the 

American Institute of Electrical Engi- 
neers at Chicago, President F. J. Sprague, 
one of the best authorities on electric- 
railway engineering, stated that there 
would probably be in operation in this 
country within twelve months no fewer 
than five electric locomotives of from 700 
to 1200 horse-power and from 45 to 80tons 
weight. These machines, he said, would 
be capable of hauling trains of 450 tons at 
30 miles per hour upa gradient of 26 feet 
per mile. They would also be capable of 
attaining high speeds, and would be opera- 
ted at an electric potential nearly double 
that now used in ordinary street-railway 
practice. Mr. Sprague is of the opinion 
that in the case of a high-speed and long- 
distance service, such for example as that 
between cities situated like New York and 
Philadelphia, the best results will be at- 
tained by a frequent service of compara- 
tively small trains, as for example, two-car 
trains running at ten-minute intervals. 
He estimates that two-thirds the quantity 
of copper now in use in the long-distance 
telephone service between New York and 
Boston will be ample to meet the neces- 
sary requirements of the conductors for 
such a service. Mr. Sprague regards the 
suburban service of the Illinois Central 
railway at Chicago as an almost ideal op- 
portunity for the establishment of a system 


of electrical propulsion. 

The problem of railway propulsion by 
electric motors is discussed in the Raz/road 
Gazette by Arthur T. Woods. It is inter- 
esting to observe that while he looks at 
the subject from the steam-engineer’s 
standpoint, his conclusions do not differ 
materially from those of Mr. Sprague, and 
other well-informed and _ conservative 
electrical engineers. 

Another of the principal street-railway 
lines of New York city—the Second-avenue 

has received permission from the Rail- 
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road Commissioners of the State to 
change its motive power from horses to 
electricity. It is announced that a storage- 
battery system is intended to be used. 

The Street Railway Gazette is authority 
for the statement that out of the 400 street- 
railways now in operation in this country, 
more than half have definitely adopted 
electricity as their motive power. There 
is probably no instance in the history of 
transportation in which a change of such 
a radical and extensive—not to say expen- 
sive—character, has been effected in so 
short a time. 


AN interesting example of electric- 
power transmission is that of the Gold 
King stamp-mill near Telluride, Col. A 
Pelton wheel, receiving water through a 
two-foot steel pipe under 320 feet head, 
drives the generator at a speed of 833 revo- 
lutions, giving 10,000 alternations per 
minute. The generator, by an automatic 
compensation, is made to maintain a con- 
stant pressure of 3000 volts at the motor, 
three miles distant. The line runs 2500 
feet directly up the mountain from the 
power station, and thence passes over a 
rough, and in winter almost inaccessible, 
country, to the mill. The working motor, 
being of the synchronous type, requires 
a special device for starting it, and this is 
furnished by asmall auxiliary motor of the 
Tesla type. The operation of starting is 
accomplished by one man in about two 
minutes. The economicalefficiency ofthe 
synchronous motor system, exclusive of 
loss in conductors, is found to be 83.5 per 
cent. at full load and 74 per cent. at half 
load. The capacity of the motor is 50 
horse-power. This is the first example in 
this country of the installation of a large 
alternating motor, but the results already 
attained indicate that the simplicity, flexi- 
bility and wide range of application of the 
alternating system, are likely to make it, 


{ 


2 

= 


at least for large enterprises, the system of 
the future. 

An alternating current power-plant is 
now under construction for a quartz-mill 
in Colorado which will have a generator 
of 750 horse-power and a motor of 250 
horse-power located at a distance of ten 
miles. By making use of a pressure of 
4000 volts at the generator, and allowing a 
loss in the line of 20 per cent., the cost of 
copper in a line of this length becomes 
only from 10 to 15 per cent. of the aggre- 
gate cost of the plant. 


AN expert who has had occasion during 
the past year to inspect more than a hun- 
dred central lighting stations has given a 
report of his observations, showing a state 
of affairs which, to say the least, is not 
creditable to the commercial common 
sense of the owners of these establish- 
ments. Many of the plants are as badly 
located as possible with reference both to 
transportation facilities and to economy in 
electrical distribution ; no consistent or in- 
telligent plan of station construction seems 
to have been generally followed ; while the 
diversity of arrangements of motive-power 
is most extraordinary. In many instances 
high-speed simple non-condensing engines 
were used, although the load was abso- 
lutely steady, and abundance of water for 
condensation might have been had for the 
taking. One characteristic example of 
amateur engineering mentioned is that of 
a plant located nine miles away from a 
village of 2000 inhabitants, in order to 
utilize a water-power which at best was 
only available part of the year, and which 
has since been practically destroyed. 
Another equally instructive example of 
how not to do it came under the observa- 
tion of the writer a year or two since, in 
which the coal for an electric arc-light 
plant was being hauled in wagons to an 
elevation 1500 feet above the level of the 
railway station, but less than two miles 
distant, as the crow flies, although the 
plant might just as well have been placed 
alongside the railway, or better still, at an 
unused water-power near by. There would 
seem to be plenty of missionary work in 
sight to occupy the Institute of Electri- 


ELECTRICITY. 711 


cal Engineers for a number of years to 
come. 


THE system of electric lighting used on 
the Pullman “vestibule trains” making 
long runs consists of a Brotherhood 3- 
cylinder engine and Eickemeyer dynamo 
on one base, occupying an enclosed space 
of about 20 square feet in the front end of 
the baggage-car, and taking steam from 
the locomotive boiler through a flexible 
pipe. The main conductors are run in 
moldings over the roofs of the cars, and 
the connections between the cars are made 
with flexible multiple cabies. Each car 
carries also 32 storage-cells as a reserve in 
case of accident or disconnection. In a 
6-car train there are usually 98 16-candle- 
power and 78 8-candle-power incandescent 
lamps, and in the summer 7 fan motors are 
added. For the round trip of 1824 miles, 
from Jersey City to Chicago and back, 
about 3300 lamp-hours are required. The 
average cost of equipping such a train is 
given as $968 per car. The average cost of 
maintenance per lamp per day, including 
exerything except cost of steam supplied 
from the boiler, is 7.17 cents. The bat- 
teries may be depended upon to maintain 
the lights for about four hours, when the 
dynamo is not at work, 


REFERENCE has been made in these 
notes to the long-distance electrical trans- 
mission plant at Portland, Oregon. Some 
further particulars of interest respecting it 
have recently been given by C. F. Scott. 
Alternating dynamos, driven in pairs by 
Victor turbines of 300-horse-power each 
are employed, delivering current direct to 
the mains at a pressure of 4000 volts. 
These are of copper wire, 0.2 inch diam- 
eter, and are carried overhead on glass in- 
sulators thirteen miles to a sub-station in 
Portland, where the currents are received 
at a pressure of 3300 volts, reduced by 
transformers to 1100 volts, and then dis- 
tributed through the city precisely as if 
derived directly from a dynamo. Seven 
generators are now running at the power 
station at Willamette falls, each supplying 
1250 16-candle-power lights in Portland. 
The plant has been running nearly two 
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years, and its performance appears to have 
been in the highest degree satisfactory. 


ONE of the curious legal complications 
to which the administration of the patent 
laws by the courts sometimes gives rise is 
exemplified in the history of the inven- 
tions of Sawyer and Man. These men ap- 
plied for patents in 1878 for an incandes- 
cent lamp carbon of fibrous material, in an 
arched form, subsequently treated by heat- 
ing in a carbonaceous atmosphere. They 
are asserted to have made and publicly ex- 
hibited a large number of such lamps, prior 
to Edison's work in the same direction, but 
for various reasons their work failed to 
achieve commercial success. Ultimately 
their rights passed into the hands of the 
Westinghouse Electric Co., together with 
another patent which had meantime been 
issued to Edward Weston, for the hydro- 
carbon process, as the result of a successful 
contest for priority made in the Patent 
Office in his behalf against Sawyer and 
Man. More than two years ago, a suit 
brought against the Edison interests on 
the arch-shaped fibrous carbon patent of 
Sawyer and Man was dismissed by Judge 
Bradley mainly on the ground that their in- 
vention had not been brought to a state of 
sufficient perfection to anticipate that 
of Edison. Quite recently another suit, 
brought against the Edison Company 
upon the Weston patent, has also been 
dismissed by Judge Acheson ; this time on 
the ground that Sawyer and Man's carbon 
was a completed practical invention and 
had been in actual public use. The facts 
themselves, as well as the testimony in 
support of them were substantially the 
same in both cases, so far as the work of 
Sawyer and Man was concerned. If the 
views of Judge Acheson, rather than those 
of Judge Bradley, are sustained in the 
appellate court, the general opinion of 
the world as to whom is due the credit of 
the invention of the most essential element 
of the modern incandescent electric lamp 
will apparently have to undergo a material 
revision, 


THE question as to the best course of 
study to be pursued by young men seeking 


to gain a thorough knowledge of electrical 
engineering received considerable atten- 
tion at the late annual meeting of the In- 
stitute of Electrical Engineers. Most of 
the leading technical colleges were repre- 
sented by their professors of electrical en- 
gineering and physics, and the proceedings, 
which were quite animated, served to con- 
tribute much valuable information on this 
important subject. In a paper read at this 
meeting Professor Owens pointed out that 
at the present day there were really three 
distinct classes of electrical engineers—in- 
stalling engineers, who superintend the 
construction and operation of lighting and 
power plants ; designing engineers, whose 
province relates to the construction or man- 
ufacture of machinery and apparatus, and 
a third class who are engaged more par- 
ticularly in laboratory, standardizing and 
experimental work. He thought that the 
course in any technical school ought to 
recognize these distinctions, and that it 
should be so shaped as to conform to the 
different requirements of the specialized 
divisions of electrical engineering. While 
it is neither desirable nor possible that the 
courses in the different schools should be 
alike, it is obvious that much waste of 
effort might be avoided if the different in- 
stitutions should observe a certain unity 
of purpose and treatment. All were agreed 
that the importance of mechanical draw- 
ing and of manual training as factors in 
elementary education could not be over- 
estimated. ‘ The practical engineer,” said 
Professor Jackson, “ must be preéminently 
an enthusiast, while he is at the same time 
a candid and careful thinker.” 


THERE are fourteen establishments in 
the United States engaged in refining cop- 
per by the electrolytic process, employing 
36 dynamos, having a total capaclty of 
1814 kilowatts. A capital of more than 
$1,000,000 is invested in the business, and 
the annuai output of refined copper, in- 
cluding that of works not yet completed, 
will amount to 43,800 tons. The plant of 
the Anaconda (Montana) Mining Co., 
when extensions now in progress are com- 
pleted, will be the largest in the country, 
having a capacity of 10,800 tons per year. 
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The cost of installing an electrolytic plant 
having a capacity of 1,000,000 pounds per 
month is about $125,000, inclusive of build- 
ings. The value of the material under 
treatment at any given time would amount 
to about $80,000 in addition. The crude 
material used is black or blister copper, 
containing 96 to 98 per cent. of metal, and 
the electrolyte is a solution of sulphate of 
copper. Theoretically, a current of 385 
amperes will deposit one pound of metallic 
copper per hour. An experimental plant 
for extracting copper direct from the ore 
by electrolysis, is in operation near Berlin, 
Germany, which is believed to be success- 
ful, though little information has been 
made public respecting the results. 


AMONG the various contrivances of later 
years tending to render life worth living 
during the heated term, the ubiquitous 
little electric fan-motor certainly holds no 
inconsiderable place. A few dollars ex- 
pended for the plant, and one cent per 
hour more or less for the electric power to 
operate it, issurely not an extravagant out- 
lay for the amount of solid comfort which 
one recives as a guid pro guo,as he toils at 
his desk during the breathless midsummer 
days. The latest improvementin this line 
is a motor which has an additional slow 
horizontal rotation upon its standard, 
whereby the breeze of the fan is impartially 
distributed to every part of the room. 


THE results of a recent prolonged life 
and efficiency test of the incandescent 
lamps of ten different American makers, 
made at the electrical laboratory of the 
Ohio State University, showed that the 
mean candle-power of the lamps rated at 
16 did not exceed 14.5; that the candle- 
power falls off with use approximately at 
the rate of 10 per cent. for each 200 hours ; 
that the life of 96 out of 127 lamps ex- 
ceeded 1100 hours, and that the average 
initial efficiency was 4.2; after 600 hours 
5,6 and after 1200 hours 7 watts per candle- 
power. One of the most important results 
indicated by the tests was that the black- 
ening of the lamp-bulbs after considerable 
use is in all probability largely due to 
vapor of mercury left in the lamp-chamber 


by the Sprengler pump, this evil being 
decidedly less apparent in certain makes 
of lamps which were claimed to have been 
exhausted by mechanical pumps. The 
tests indicate that if the consumer were 
permitted to select his own lamps without 
reference to their efficiency, it would be 
possible for him to obtain commercial 
lamps which would give from 400 to 500 
hours service with a falling off in light 
not exceeding 12 per cent. The great 
difference in the results obtained from 
different makes of lamps suggests that a 
line of research of this kind might be made 
very profitable both to the central station 
manager and the consumer. 


A PAPER read by Mr. Hugh Neilson 
before the Canadian Electrical Association 
makes some interesting comparisons be- 
tween the long distance telephonic and 
the ordinary telegraphic service. Mr. 
Neilson’s views are strongly confirmatory 
of the truth of certain observations of our 
own on the same topic in the May num- 
ber of this magazine. He says that the 
long distance telephone rates in the 
United States are based on a schedule of 
one cent per mile, with a minimum charge 
of fifty cents. It appears that some com- 
plaint is made by the customers, that for 
distances over 200 miles these rates are too 
high, but Mr. Neilson points out that 
owing to the unavoidable differences of 
conditions,telephone rates, unlike telegraph 
rates, must be considered from the same 
standpoint as railway tariffs, that of dis- 
tance traversed. To carry on atelephonic 
communication requires the exclusive use 
for the time of two wires, while by apply- 
ing the quadruplex system of telegraphy, 
four simultaneous communications might 
be sent at once on each of these wires, 
so that all things considered, the earning 
power of a telegraph wire may be any- 
where from two to eight or more times 
that of a telephone wire, computed on the 
basis of the number of words transmitted. 
Mr. Neilson therefore considers that the 
only necessary limit to the distance of 
telephonic transmission will prove to be a 
commercial one. He claims that Canada 
leads all other countries in the general 
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use of the telephone; and asserts that 
more telephones are there in use, in pro- 
portion to population, and at a lower 
average rental, than in any other country 
in the world. 


THE question of the comparatively econ- 
omy of steam locomotives and electric 
motors for suburban raiJway traffic has 
been much discussed of late. The editor 
of Electric Power, relating his observations 
and experiences in Colorado, recently 
mentioned having seen a heavy locomotive 
hauling a baggage-car and two coaches 
manned by an engineer, fireman, baggage- 
man, conductor and brakeman, competing 
with an electric car on a parallel track 
which was carrying three times as much 
paying load at half the fare, and handled bya 
motorman and conductor, The indications 
are that this will soon become a frequent 
spectacle in many of the thickly settled dis- 
tricts of the country. The popularity of 
the electric system is due’ to the low fare, 
the greater frequency of trips, the facility for 
alighting wherever desired or of being car- 
ried by transfer tickets to almost any point, 
to which may be added, the absence of the 
discomforts of smoke, dust, and cinders, 
Except inthe case of comparatively long 
runs, the greater speed of the ordinary 
railway train does not seem to give it any 
material advantage in a competition of this 


kind. 


SOME of the most valuable practical in- 
formation which has found its way into 
the columns of thetechnical journals, in 
reference to the conditions of economical 
operation of electric-lighting power and 
railway plants, has resulted from investi- 
gations carried on by advanced students of 
the different technical colleges, with the 
cordial codperation and assistance of the 
officials of the commercial companies 
operating such plants. Considering that 
not infrequently the prosecution of such 
work is necessarily attended with consider- 
able inconvenience and expense, the en- 
lightened self-interest, ifno higher motive, 
that provides such admirable facilities for 
researches, which would otherwise be im- 
possible, cannot be too highly commended. 


714 ELECTRICITY. 


A NOVEL and efiective use of the in- 
candescent electric lamp for advertising 
purposes may be seen nightly upon a huge 
blank wall south of Madison Square in 
New York. An illuminated sign of 107 
letters, illuminated by 1457 white, frosted, 
red, blue, and green electric lamps, is ar- 
ranged in seven different sentences, each 
sentence being on a separate circuit con- 
trolled by an individual switch. An at- 
tendant is kept busy from dusk until nearly 
midnight in causing these sentences to 
vanish and reappear. It is altogether 
probable that this functionary will have his 
job taken away from him by an electric 
motor which will operate the switches 
automatically, as soon as the ingenious 
constructor of the sign happens to think 
of it. 


IN a paper read before the American 
Society of Civil Engineers, Mr. Lewis 
Kingman has given some apparently 
trustworthy figures relative to the much- 
vexed question of the actual cost of arc 
lighting by a municipality. Mr. King- 
man states that in Topeka, Kan., for 672 
nights, with an average of 8.08 hours run- 
ning per night, the cost per lamp per night 
works out at about thirty cents. This in- 
cludes cost of coal per month and per 
indicated horse-power, oil, waste, carbons, 
repairs, insurance, superintendence and 
labor. It does not include taxes nor de- 
preciation as distinguished from repairs. 
This is considerably more than most of the 
New England cities pay for having the 
work done by private companies. The 
Topeka plant has 184 arc lamps and 
33.5 miles of wire, and the average electric 
power required, as determined by tests, 
was 440 watts per lamp. 


AT a recent meeting of the Canadian 
Electrical Association the statement was 
made by a member, apparently upon good 
authority, that of the $1,000,000 invested 
in the Dominion in the electric-lighting 
industry only $400,000 was paying divi- 
dends, the remaining $600,000 not only re- 
turning no profit, but in many cases show- 
ing a loss of original capital. A schedule 
of the prices received in different towns 


and cities for arc lighting was presented, 
which throws some light upon the cause of 
this unfortunate result. In one large city 
of the Dominion, the price is given as 
only 22 cents per night, and there are very 
few places in which it exceeds 30 cents. It 
requires favorable conditions, good man- 
agement and a large business to make such 
prices even moderately remunerative. 


THE New Jersey Electrical Subway 
Commission has called upon all the electric 
companies doing business in the State to 
furnish information as to the length of 
electric conductors respectively in use by 
them, and has notified the corporations 
having overhead lines in the cities of 
Jersey City and Newark, to attend a hear- 
ing in September on the question of plac- 
ing the wires underground in those cities, 
The new law makes it illegal to erect over- 
head wires in or across the streets of any 
city of the State without the consent of 
the Board. 


ONE of the most complete and costly 
electric outfits thus far proposed is under 
contract to be placed at the eastern 
portal of the tunnel about to be excavated 
by the Atlantic-Pacific Railway Tunnel Co. 
on the new short-line between Denver and 
Salt Lake City. Electric power is to be 
used, not only in lighting and drilling, but 
as the motive power for propelling the 
cars for carrying rock and ore from the 
tunnel, The Anaconda Mining Co., of 
Fremont, Col., and the Idlewild mine in 
El Dorado county, Cal., are also being 
fitted up with electrically-operated drilling 
machinery. It begins to look as if most of 
the machinery of the Rocky Mountain 
regions would ultimately be driven by what 
the space-writers still persist in calling 
“that mysterious and _ uncontrollable 
force,” although as a matter of fact we 
know of no “force ”’ that for mysteriousness 
and uncontrollability can compare with 
that which apparently impels the space- 
writer himself. 


THE secretary of the American Institute 
of Electrical Engineers proposes to com- 
mence the publication of a monthly index- 
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digest of the current issues of patents re- 
lating to electricity and magnetism. The 
patents are to be classified by subject- 
matter and provided with numerical and 
alphabetical indexes. 


EXPERTS of the British Board of Trade 
are engaged in the determination of the 
weight corresponding to the attractive 
force exerted by one ampere of current 
under fixed conditions. It is stated that 
the results will shortly be made public. 


THE introduction of electrically driven 
coal-cutters and other mining machinery 
is making rapid progress in the bituminous 
mining regions of the central west. 
The importance of this line of work will 
be apparent from the figures of produc- 
tion, which show that last year 150,000,000 
tons of this coal were mined in the United 
States, principally west of the Alleghenies. 


IT is stated that the Ontario legislature 
has leased the electric-power rights on the 
Canadian side of the Niagara river fora 
hundred years to the same company which 
is Operating on the American side. The 
price paid is reported to be $25.000 per 
annum for the first ten years, and $30,000 
per annum for the remainder of the term. 
The vicinity of Niagara Falls is evidently 
destined to become one of the great manu- 
facturing centers of the world. 


THE Virginius Mine near Ouray, Col., is 
situated at an altitude of 12,000 feet above 
sea level. All the fuel used was formerly 
packed up the mountain on burros at a 
cost of $15 per ton, entailing an aggregate 
expenditure for this one item, of $36,000 
per year. Now the whole work is done at 
a comparatively small cost by electric 
power transmitted by wire from a creek 
four miles distant. 


IN a new electric station recently com- 
pleted at Springfield, Ill., the lightning- 
arresters are so placed that in case of the 
formation of an arc by lightning they can 
be enveloped in live steam. Experiments 
have shown this to be a most effective 
means of extinguishing electric arcs, 
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i the United States Patent Office and 

the use of it, a help or a hindrance to 
the progress of industry and engineering ? 
The question may be argued on both sides, 
and from the standpoints both of what it 
is and what it ought to be. The argument 
against the monopoly given by an authen- 
ticated patent comes mainly from engi- 
neers and designers called upon to meet 
and solve special problems, who find the 
direct avenues to their cheapest and most 
satisfactory solution blocked by what they 
are pleased to consider as an obstructive 
“crank” waving a patent in one hand and 
an assumed absurd demand for compensa- 
The 
vexatious delay incident to the compro- 


tion in the other. result is either a 
mises for a bargain, or a rew device “ to 
get round the patent.” In the first alter- 
native the solution of the problem is 
made more costly, and in the second the 
machine or device is not as simple or as 
easy to maintain as if the complaining de- 
signer had been free to go his own gait. 
The historic example of this embarrass- 
ment is the compelling of James Watt to 
convert his reciprocating motion at the 
beam of his engine to rotary motion at the 


shaft by means of the “ sun-and-planet ”’ 
gear instead of using the more convenient 
and cheaper crank, already patented by 
another. When the crank became unre- 
stricted, the cumbrous planet gear was dis- 
carded. 

If we concede any property-right in the 
product of a man’s own brain, the rejoin- 
der to the foregoing argument is not far to 
seek, The argument is the same as may 
be supposed to be urged by large fish 
against the shallow waters in which the 
smaller fry can swim secure. The objector 
finds himself possessed of both brains and 
opportunity in connection with a large en- 
terprise to make his personality and ca- 
pacity tell upon its development. The 
prior patentee having brains but perhaps 
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not opportunity is by his patent protection 
brought up more nearly to rank with his 
fortunate colleague, and the latter is forced 
to recognize him and show him considera- 
tion. Perhaps the larger fish does not 
fancy it much; but the smaller and more 
numerous fish are surely the gainers. 

The most usual argument in favor of a 
patent system and its protection is much 
of the same complexion as that advanced 
for a protective tariff. The security offered 
to capital entrenched behind a valid and 
adjudicated patent encourages it to ven- 
ture upon the outlay in buildings, machin- 
ery and experimental plant generally, which 
must precede the putting upon the market 
of any industrial product. in faith that the 
exclusive manufacture and sale of such 
product can be made to furnish a fair re- 
With- 
out such protection there is nothing to 
prevent a copyist of the original concep- 
and devices duplicating the first 
plant, and by profiting by their outlay in 
experimentation and failure, succeeding in 
erecting a competitive enterprise under 
the same or more favorable business con- 
ditions, and either dividing the market, per- 
haps none too large originally, or forcing 
prices and profits down by fatuous compe- 
tition below legitimate and necessary mar- 
gins. Under these circumstances the first 
to feel the pressure is the very operative 
or artisan class of mechanics whose high 
position and character is a pride of Amer- 
ica. In the absence of this protection 
also, the practice must prevail of habitual 
and persistent concealment of knowledge 
obtained by experience and research. The 
country instead of having a repository or 
archives of technical processes accessible 
to every one who may have occasion to 
consult them, so that each new investiga- 
tor may begin where his predecessors left 
off, drops back at once to the repressive 
individualism of the old guilds asa pre- 


turn upon the preliminary outlay. 
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ferred policy. The industrial establish- 
ments close their doors to friendly visita- 
tion of the public, lest a competitor should 
profit by something they know; father 
passes to eldest son alone the trade secret 
of his specialty; and money is wasted in 
many separated establishments in fruitless 
duplication of experiment, which might 
enrich the community if distributed in 
wages, and might have been saved from 
waste if only in a patent claim the first 
pioneer had recorded his successes and 
hinted at his failures. 

The free-trader in the patent field will 
rejoin that the investment in plant and 
machinery and garnered experience of the 
first comer into the manufacturing arena 
constitutes all the safeguard necessary for 
such investment. No one, he says, will be 
induced to sink good money into plant 
when some one else is already reaping with 
joy the return which follows the earlier 
sowing, in tears and delays. If this were 
generally true, it might receive more con- 
sideration, but every manufacturer can re- 
call at once many instances where the very 
success of the first-comer in meeting or 
creating a demand, is the very inducement 
which attracts competitors to his injury. 

The most valid and satisfactory argu- 
ment in favor of our present system and of 
the improvements desired for it, is the fact 
that the number of patents taken out bya 
nation is a certain index of its industrial 
predominance. It is aside from the pres- 
ent question to discuss fully the relation of 
these two as respects cause and effect. It 
may be true that a nation which is indus- 
trially preéminent, will for that very rea- 
son take out the greatest number of pat- 
ents; but it is undoubtedly the fact, on the 
other hand, that the rewards which are 
offered by an efficient patent system are a 
very potent factor in such increase in the 
numbers issued. These rewards are sub- 
stantial when a fortunate patentee finds 
himself able to sell to a manufacturing 
concern the product of his thought and 
study at a sum which he considers adequate 
either in money or in stock of the corpora- 
tion. There is moreover, particularly in 
small communities, a distinction which is 
conferred upon him who has obtained 


from his Government that recognition 
which is conferred by the possession of a 
patent. He becomes a member of the in- 
tellectual aristocracy of creators—he is rec- 
ognized as a rising young man, with pos- 
sibilities to exert an influence (possibly 
obstructive and sometimes misused) upon 
the manufacturing interests of the entire 
country, if his patent should happen to 
concern one of them ; and the subtle flat- 
tery which is meted out to the patentee is 
a stimulus to emulation on every one 
within his sphere. Furthermore, it isa fact 
that the countries where the patent system 
is inefficient or inactive, of which Spain 
and Turkey perhaps are illustrations, are 
the places where the industrial develop- 
ment lags most seriously behind the van 
where the other nations lead. So that in 
spite of all necessity and capability for im- 
provement in our existing patent system, 
it seems fair to conclude that its general 
effect is good and healthful. 


WHEN the interest among the naval and 
stationary engineers is so continuously di- 
rected to the question of utilizing oil asa 
fuel under boiler furnaces, it is interesting 
to observe something of the relative econ- 
omy under favorable circumstances of coal 
and oil. In New Jersey, in competition 
with anthracite slack and Westmoreland 
coal, it has been found that if the oil be at 
2.4 cents per gallon, it would compete with 
coal at $3.95 per ton, at a test of a 6000 
horse-power boiler plant. With coal at 
$3.10 per ton, and oil at 2.25 cents per 
gallon, the coal was cheaper. And where, 
in the coal district, that fuel could be 
gotten at $1.50 per ton, and oil at 1.5 cents 
per gallon, the oil cost one-third more than 
the coal. The theoretical evaporation of 
ordinary oil is about twenty-one pounds of 
water per pound of oil, and they have been 
experimentally able to get 16.7 pounds of 
water per pound of oil 63° B. in New 
Jersey, and in New England 17.8 pounds 
of water to steam at ninety pounds per 
pound of oil. This evaporation is secured 
by that method by which the oil vaporized 
to gas in a retort is carried forward to meet 
warmed air at the burner. A much more 
efficient combustion is obtainable than 
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when the oil comes as a fluid to the furn- 
ace ; and many of the difficulties connec- 
ted with the fouling of the heating sur- 


faces are avoided. 


THE uplifting effect of that engineer- 
ing activity which has developed and 
extended the use of machinery and the nat- 
ural forces in industry has not always re- 
ceived the attention from economists which 
its importance deserves. In the older 
civilizations when great works were to be 
constructed, the contractor was compelled 
to dependence upon hordes of slaves or 
serfs, working by mere brute force under 
scourge and goad. The valuelessness of a 
human life under the conditions existing 
when the pyramids were built, or the bar- 
onial castles of the middle ages, is a 
thought which is painful to the Christian 
student of progress, and the increasing 
value put upon human service and labor is 
one of the hopeful signs of the later cen- 
turies. Leaving aside thdse avocations 
calling for a trained and skilful operative, 
and looking only at the use of human 
brawn without necessary brain in such mere 
labor as isinvolved in the moving about 
of heavy weights and masses in shops or 
yards of manufacturing concerns it will be 
safe to take the lower figure, for the work- 
ing capacity of a man laboring at such 
pulling and hauling for aday of nine orten 
hours, and to estimate his capacity at less 
than one-tenth that of an engine horse- 
power. The engine horse-power does not 
fag at theend of the day, but the man’s 
endurance and willingness is sure to do so. 
If the man takes only the three holidays of 
Thanksgiving, Fourth of July and Election 
Day besides his calendar Sundays, his 
working days will be 310 in the year if he 
is independent of weather, and outside of 
the cities, where living expenses are cor- 
respondingly reduced, his employer is 
likely to pay him $1.50 per day for his 
mere brute strength. The employer there- 
fore pays for ,\, of a horse-power of energy 
at a yearly rate of 310x 1.50=$465 or for 
the ten men who would aggregate the one 
horse-power, the outlay must be $4,650 
perannum. The same force from a steam 
engine could be obtained from steam or 


water according to figures given by Emery, 
Manning or Mainat prices ranging between 
$25 and $65 per annum, under the con- 
ditions which prevail in New England or 
the Middle States. The economic result 
under the action of the laws operative in 
such cases must be the replacing of the 
costly human labor by the cheaper natural 
force; in sequence, the cheapening of the 
cost of manufacture, a greater output and 
sale at the lower rate as a larger market 
of consumers is reached; a call for more 
human labor and more intelligent in quality 
to supply the increased manufacturing de- 
mand, which labor of course is more highly 
paid and attains a higher grade of recogni- 
tion and competence, and the standard of 
living and civilization rises with such im- 
provement in the individual. It is at the 
period of the first transition that hardship 
and obstruction may be met, before the 
new conditions have had time to bring 
back into the labor market the first savings 
of the wage fund. It is at this period that 
the Arkwrights have their spinning-frames 
wrecked by the hand-spinners and the in- 
ventors or engineers who project improve- 
ments are the objects of enmity and vio- 
lence. Under the later conditions, they 
attain their deserved recognition, withheld 
under the stress of the first struggles. 

Under many conditions the amount of 
work of the pulling and hauling type is not 
sufficient either in amount or in continuity 
to keep asteam- or water-plant sufficiently 
busy to pay for itself. Under these cir- 
cumstances, the engineer turns to seek 
some of those forces which cost only for 
interest and repairs and attendance, or on 
his path to sucha solution he stops to con- 
sider the use of horses in tread or other 
horse-powers. In the Middle Atlantic 
States the cost of a horse used for work of 
power purposes usually will be made up of 
items averaging as follows : 


Interest and renewal fund, 10 years, on 


Feed for the year: hay, 45; oats, 62.. 107 00 
Shoeing and sundries...... ........ ; 24 00 
Harness, interest and renewal........ 5 00 


which might be called $200 in round fig- 
ures to take account of any special circum- 
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stances which might increase this ex- 
pense. As inthe case of man, the horse 
will not furnish a full horse-power contin- 
uously, inasmuch as the 33,000 foot-pound 
unit is a large one for the ordinary type of 
work horse, since it was based upon the 
performance of a particularly powerful va- 
riety of draught animal in the first instance, 
and the horse becomes also less able and 
willing as his work-day advances. The 
horse-power therefore will cost 8 or 3 times 
more than the force of nature made avail- 
able by the skill of the engineer, while 
much higher both in the economic scale 
and the scale of civilization than the use 
of the huinan animal. 


It was Emerson who spoke of the ideal 
industrial epoch which should be reached 
when the natural forces should be so per- 
fectly harnessed to the use of man that the 
farmer should be able to reach his market 
by “hitching his wagon toa star.” It is 
in this field of effort that they labor who 
are trying to utilize by windmill or by 
wave-motors the immense and apparently 
wasted energies which are observable in 
unceasing activity 1n the restless wind and 
the heaving ocean about them. Leaving 
aside for the moment the consideration of 
the wind-motor, and confining attention to 
the utilization of the power of ocean 
waves, the attention of engineers has been 
directed anew to this subject by a very 
able paper presented before the American 
Society of Mechanical Engineers by Mr. 
Albert W. Stahl, one of the naval con- 
structors in charge of work for his depart- 
ment on the Pacific Coast. As in the case 
of the condensing steam-engine, so also in 
the matter of wave-motors, the high price 
of fuel on the Pacific slope has had a 
powerful effect in stimulating invention 
and the securing of patents looking to im- 
provements as well as to new devices. 


THE motors for utilizing the ocean have 
been of three great classes: the first are 
tide-motors, where a wheel is driven by 
the head of water, which is the difference 
between the level of the ocean outside of 
a wall and the water inside that wall in a 


suitable pond orreservoir. In an opening 


in the wall is a wheel which is turned in 
one direction as the tide rises to flow int« 
the enclosed space behind the wall, and 
turns in another direction as the water 
flows out. Perhapseven a simpler form is 
that of a simple dam with a gate opening 
inwards from the sea, which is opened by 
the inflow of the tide, and upon its ebb 
that same water flows out through the 
wheel sluice. 

The second great class of motors em- 
braces those utilizing the impact of the 
wave against a vane or similar surface 
which should be moved by that impact 
and transmit its motion to the rest of the 
machinery. This is a form of motor which 
must have suggested itself to those seeing 
the immense energy with which the break- 
ers dash against a rockbound coast. 

The third type is that which is discussed 
in Mr. Stahl’s paper, where the intention 
is to utilize the motion of the wave proper 
as the force of the water manifests itself 
to a vessel afloat upon the wave. This 
form of motor has great advantage over 
the impact type, in that from the nature of 
its conception, the motor itself as distin- 
guished from its supporting frame-work, 
is not liable to the injury which the un- 
bridled excess of stormy and _ irregular 
waves may bring to bear of power upon 
the motor. 


THE discussion of the subject of the 
utilization of ocean waves in the form of a 
motor approving itself to Mr. Stahl nat- 
urally attacks first the various motions of 
the water which may be utilized, which are 
found to be three. The first is a vertical 
rise and fall of particles at or near the sur- 
face. It is this motion which all forms of 
wave-motors using the principle of the 
float endeavor to secure and apply. That 
this power is neither small nor inadequate 
appears from the immense weights of 
vessels which the up-and-down motion of 
the water so easily lifts as the waves pass. 
The difficulty with the float system, how- 
ever, is that the float has to be of great 
size for large powers. As its size increases 
so also does its weight, and with increased 
weight the action of the wave becomes 
proportionately less efficient. 
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The second motion of the water is a 
horizontal swinging motion of particles at 
and near the surface. 
calls for a suspended vane moved back- 


This type of motor 


ward and forward as the waves advance 
and recede, which motion is carried ashore 
by suitable linkages. 

The third motion is that which results 
from the variation in the slope of the wave 
surface. This requires that a suitable 
float, coupled to its supporting and steady- 
ing frame-work by two or more of its 
points, shall transmit the motion which 
results from the variation of its level, 
which of course remains essentially normal 
to the tangent to the curve of the wave. 

The fourth motion is the impetus which 
is given to the waves as they roll up a 
beach in the form of breakers. These are 
utilized either by a carriage running upon 
a track, or else by permitting the wave to 
force itself through a converging surface 
by which the air in front of it iscompressed 
and forced out of the way. 

The fifth is the 


verticals 


motion of distorted 
intended to be normal to the 
wave surface when the wave is at rest, but 
from the vertical as the 


moved wave 


passes the vane. This latter plan is the 


one which Mr. Stahl prefers; and it offers 
the great advantage that its power in- 
creases as its size; that it will utilize the 
amount ol power which it can take upon 
its surface, and will not be wrecked by the 
excess of the wave action in storms. 

The difficulty which has to be met in all 
forms of wave motors is the difficulty of 
adequately securing the necessary frame- 
work by which the moving members of 
the motor shall be supported, so that the 
motions of the motor can be made defi- 
nite. 


THE wave-motor requires in addition to 
the submerged part of it that there shall 
be suitable regulating devices to obtain a 
uniform motion from the irregular or even 
spasmodic action of the waves, as well as 
Such appliances as may be required for the 
adjusting of the apparatus to the state of 
the tide and the condition of the sea. 
There must in addition be the necessary 
arrangements, in 


storage appliances or 


order that a continuous supply of power 
may be available when the waves are calm, 
or their motion, due to the direction of the 
wind, comparatively small. 

The questions which attach themselves 
to this matter of the storage of power 
are so broad and far-reaching that they 
deserve a separate discussion by them- 
selves without attaching themselves merely 
to another subject as a corollary thereto. 


IN the field erection of girders or other 
similar riveted ironwork, the problems of 
securing an adequate riveting power de- 
serve consideration. Itis usual in specifi- 
cations to call for a greater rivet area 
where hand-work is compelled in order to 
compensate for the uncertainty of this 
class of work as contrasted with the ma- 
chine job. Of the portable riveters now 
in use, the air or pneumatic riveter and 
the hydraulic riveter seem to be the only 
ones available ; and the hydraulic riveter 
is ata disadvantage in a place where the 
temperature outside may fall low enough 
to endanger the apparatus from freezing. 
Both devices compel a plant on the ground 
of some magnitude and especially intended 
for the work in hand. 

These considerations give especial in- 
terest to a form of power-riveter which has 
just been put upon the market by Delaloe 
and Piat, of Paris. The principle of this 
riveter is to have a piston moved slowly 
forwards by a speed-reducing gear from a 
revolving armature of an electric motor. 
This small piston compresses oil upon the 
surface of the riveting ram on the principle 
of the hydraulic press, so that a pressure 
of two tons per square inch on the small 
piston upon an area of sixteen square 
inches on the riveting ram gives a riveting 
squeeze of thirty-two tons. The motor 
required is only the ordinary one for a 
110-volt current using about 25 amperes 
for the period of two or three seconds at 
each rivet. 

It is obvious that as the machine re- 
quires only lead wires they can be carried 
from aconsiderable distance even from the 
nearest town, and either naked wire con- 
ductors taken the whole length of the 
br dge can be tapped by the necessary in- 
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sulated wires to the machine, or the insu- 
lated wire with abundance of slack can be 
used direct, as may be found more con- 
venient. The wires certainly take up much 
less room than the flexible pipes necessary 
on the other systems. 


It has been known that the continual 
exposure of iron to heat and its sudden 
contraction by cold thereafter, as in the 
tempering process, would result in a 
change in the bulk of the piece so exposed. 
This difficulty has precluded the satisfac- 
tory permanence of pyrometers depending 
upon the principle of the expansion of 
metals by heat. Aftera certain period the 
index would refuse to come back to zero as 
the result of a permanent change in the 
length of the bar. The difficulty which is 
met with in boilers from the sudden con- 
traction of overheated tubes and which re- 
sults in leakage at the tube sheets gives es- 
pecial interest to a set of experiments re- 
ported in London -xgineering, undertaken 
by Mr. A. Blechynden, of Barrow. Twotubes 
were tested together, one of iron and the 
other of steel, which were of the same 
length when at 46 degrees Fahrenheit, but 
after three heatings and coolings, there 
was found to bea difference of nearly 
f aninch ina length of fifty-five and a 
half inches. But an experiment of even 
greater interest was to take two similar 
tubes of iron and steel expanded into a 
reamed hole at each end, the whole put 
into a furnace and then dropped into 
water, whereupon it was found that the 
steel tube was so slack in the hole that 
when water was poured on the outside of 
the tube it would run through between the 
hole and the tube, while the iron tube re- 
mained tight. The steel was Siemen’s 
Martin metal, such as is generally used in 
English boiler practice, while the iron tube 
was of Scotch make. We are not told in 
the reported experiments whether the 
plates into which the tubes were fitted 
were of iron or steel, but if of steel, it 
would perhaps show a reason for the opin- 
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ion which prefers iron tubes even ina 
steel boiler. 


AN interesting event in railroad circles 
has been the change of the last division of 
the main line broad-gage system in Eng- 
land tothe standard width. It will be re- 
membered that the Great Western Com- 
pany of England, under the management 
of the great Brunel, had made its entire 
line with a 7-foot distance between the 
rails. The standard prevalent in the rest 
of England is that to which we are accus- 
tomed in thiscountry of 4 feet, 8% inches, 
In addition, however, to the distance be- 
tween the rails the Brunel system used lon- 
gitudinal sills or stringers under the rail, 
which were in most cases of the bridge 
type, weighing about sixty-eight pounds to 
the yard. The longitudinal stringers were 
11 inches wide by 6 inches deep, connected 
together at intervals of eight or ten feet 
by transverse members tenoned into the 
sides of the sleepers while wrought iron 
tie-rods passed through the sleepers at in- 
tervals to keep the gage and to hold up the 
transverse members. The change was all 
made between Saturday morning, May 21, 
and Sunday afternoon, the 22d, some 5000 
men being employed in gangs of from fifty 
to seventy, each gang being apportioned to 
Traffic had to 
be suspended, inasmuch as there was no 


two or 2% miles of track. 
possibility of laying down a third rail in view 
of the absence of the necessary transverse 
ties, so that there would have to be the 
necessary longitudinals laid anew for this 
purpose exclusively. The work involved 
four principal operations : The removal of 
ballast, shortening the transverse members 
and tie-rods, the sidewise displacement of 
the longitudinals with the rails on them, 
and the bolting up and rough-ballasting. It 
is the intention of the company to do away 
with the longitudinal system, and replace 
it with the ordinary transverse tie, which 
has been found to give all necessary sta- 
bility and stiffness, and to be less trouble 
to maintain. 
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T HE notable series of papers on Euro- 
pean capitals which Dr. Albert 
Shaw is contributing to 7he Century con- 
tains much interesting matter illustrative 
of the importance of architecture as a 
factor in current life. As every one knows, 
since a city is an accumulation or aggre- 
gation of buildings, it must necessarily con- 
tain many examples of architecture, but 
every one does not appreciate the fact that 
there are many questions of municipal 
growth which influence architecture in a 
very direct fashion, and none the less 
strongly because the influence may never 
be so much as suspected. Dr. Shaw brings 
out the relation of the municipality to 
architectural development in a very strong 
manner, perhaps more so than he intended. 
His studies in municipal government have 
proved a great help in the diffusion of ways 
of doing things as exemplified in one of 
the most serious problems of modern gov- 
ernment; it is not less important to note 
the effect these regulations and forms have 
upon architecture. In the paper on Buda- 
pest Dr. Shaw points out how essential the 
architecture of a city is to its apparent 
wealth and progress, showing, in other 
words, how very clearly architecture, even 
in this practical age, can be influenced by 
causes which are not architectural. The 
lesson is one that may be learned at home 
without going to southeastern Europe for 
it, though Dr. Shaw’s travels will have ac- 
complished great good if they do nothing 
else than enforce this fact. Unfortunately 

_no American city can point to such a 
monumental series of buildings as make 
the splendor of Paris, Vienna or Budapest. 
American tastes may not be less luxurious 
than those of Europeans, but they do 
not take architectural form. New York 
is said to possess at least two individuals 
whose incomes exceed that of any Euro- 
pean sovereign, with a host of personages of 
less financial standing, whose incomes are 
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quite as large as many of the oldest and 
richest of European families. Yet the 
residences of the richest New Yorkers can-- 
not begin to compare, in external magnifi- 
cence, with the palaces of European fami- 
lies of equal or even lesser wealth. Many 
of these splendid dwellings which delight 
the eye of the American abroad represent 
the results of years of hereditary occu- 
pation, with occasional buildings and re- 
buildings. In this country, however great 
may be our tendency towards an aristocracy 
of wealth, we are too young to have family 
palaces which shall represent the accumu- 
lation of years as well as the accumulation 
of wealth. The future may change this ;. 
at present we have to do with what we 
have. 

THE effect of this is visible in several 
ways. First, there is a serious loss to the 
dignity of American streets by the lack of 
monumental residences for our wealthy 
citizens. Perhaps in each large city there 
may be some one especially noteworthy 
dwelling, but the most stupendous of 
these makes no show at all when placed in 
comparison with the great houses of Eu- 
ropean capitals. Doubtless the most elab- 
orate American residence is as satisfactory 
to the persons occupying it as many a less. 
pretentious one tothose who live in it, but 
we cannot have magnificent streets with- 
out magnificent buildings to give them a 
setting and make them dignified. Penn- 
sylvania avenue in Washington is admit- 
tedly one of the finest streets in America, 
yet its dignity and its fame come almost 
wholly from its great width. Lined with 
palatial structures, such a_ thoroughfare 
would indeed be a splendid example of 
city grandeur. Very much the same may 
be said of the’ Fifth avenue, which New 
Yorkers are fond of referring to as the 
greatest street in the new world. Yet its 
most ardent admirer cannot pretend that 
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the buildings which line it are, as a whole, 
worthy of the locality or even of the people 
who live in them. The small lots, used 
even by the wealthiest families, are fatal to 
architectural grandeur. Each man build- 
ing for himself, in what design he pleases, 
may present most admirable opportunities 
for the display of individual taste, but how- 
ever good the design, it creates variety 
only, without the dignity which could be 
produced by widening the facades. Even 
the block of Vanderbilt houses, which 
covers more ground than any similar group 
in the metropolis, loses a good deal by 
being cut up into several sections, forming 
apparently and in fact several distinct 
dwellings. Perhaps it is too much to look 
for any remedy in the present state of Am- 
erican families, in which too often the 
structure built in one generation passes 
into strange hands in the next. This is 
perhaps less so in New York than in other 
American cities, but if such changes are 
not brought about by changes in fortune, 
they are apt to be hastened by changes in 
fashionable localities and the constant 
search of the rich for exclusive situations. 
The changes in fashionable localities in 
New York have been very rapid, and while 
it is customary to point to them as indica- 
tions of the city’s increasing prosperity and 
wealth, it is well to remember that admi- 
rable as they may be from this standpoint, 
they effectually put a stop to permanent 
architectural improvements such as may 
be found in European cities. 


ALL this, it may be said, represents 


American push andenergy. It also repre- 
sents the want of appreciation of architec- 
ture, which is so sadly characteristic of 
American lifeand manners. In this coun- 
try we have not yet realized the value of ex- 
ternalities in ourcities. Each man building 
for himself, as he chooses and in the way 
he chooses, forgets that if there were some 
one general policy governing the erection 
of monumental structures his cities would 
be more attractive, and his own esthetic 
sense less offended by the strange and cu- 
rious sights presented to the eye of every 
traveler. A certain amount of improve- 
ment may be looked for in this respect by 
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the increased number of great structures 
devoted to business, but these can never 
have the value which may be obtained 
from imposing private residences and great 
public buildings. In the matter of public 
buildings we are notoriously so much be- 
hind inany small European cities, that our 
municipal buildings are more often a by- 
word among critics than examples of archi- 
tecture, which should be a joy for all. The 
largest of business blocks can only give the 
dignity of width and height, with small 
pretension to genuine architectural feel- 
ing, since here, as everywhere, business is 
business, and architecture and decoration 
and art and beauty and esthetics very 
minor considerations that scarcely call for 
mention in the pages of the illustrated 
magazines. And this is the root of the 
matter, the cause of the whole trouble. We 
do not lack imposing structures because 
we cannot make them, but because we do 
not, as a people, understand or appreciate 
their value. Some day this will doubtless 
be more generally understood, and in the 
meantime the glory of American architec- 
ture will remain inthe solution of business 
problems, problems of great practical util- 
ity and importance, but constructive prob- 
lems rather than those which may be prop- 
erly called architectural. This is the line 
in which American architecture is now 
tending; in it we have made our greatest 
triumphs, and in it we shall continue to do 
so, until these hard limitations have been 
thoroughly grasped, and the possibilities of 
architectural art widely understood, when 
we may perhaps be able to eclipse the 
rich cities of the old world by the grandeur 
of the new. But how much our cities lose 
in the process of evolution ! 


THE architecture of the World’s Colum- 
bian Exposition at Chicago has been so 
extensively illustrated in the technical 
journals that criticisms are coming in from 
every source. Foreigners have had oppor- 
tunities of observation and criticism, in the 
numerous articles and pictures with which 
the press is flooded, to estimate the archi- 
tectural value of the buildings. It is not 
to be expected that the general satisfaction 
with these buildings which has been ex- 
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pressed in this country should be reéchoed 
abroad. English critics, especially, are 
prone to find fault with things American 
in America. It is quite natural that others 
should look at our work in a different way 
from that in which we view it ourselves, 
and it is possible that a foreign estimate 
may be more correct than an American, 
since the satisfaction which an American 
naturally feels with the work of his own 
country cannot bias a foreigner, Yet it is 
doubtful, from the cautious way in which 
the English critics look at the architecture 
of the approaching Exposition, if they ap- 
proach the question in the right spirit. 
Buildings for a world’s fair, lasting six 
months only, should not be measured by 
the same canons as would be applied to 
structures intended to last a lifetime. The 
temporary character of such structures 
necessarily implies a criterion of their own 
by which they must be judged. It is much 
easier to find fault than to produce perfec- 
tion ; hence it is easier to point out where- 
in the Chicago buildings might be im- 
proved than to’ prepare faultless designs. 
It is not to be pretended that these build- 
ings are incapable of improvement, but 
it is clear that they serve their intended 
purpose in avery good manner, that for 
temporary structures they exhibit suffi- 
cient dignity, which is the more important 
by reason of their gigantic size, and that 
they have sufficient homogeneity, without 
being too similar, to compose, on the 
whole, a very satisfactory group. In fact 
it is the success with which they meet the 
question of temporary use that wins them 
most praise in this country, and as itis this 
which has called them into existence, it is 
this which should form the basis of every 
intelligent criticism. Our English brothers 
should look more closely at the razsons 
detre of the Chicago buildings than at 
‘their relative merits or demerits as designs 
on paper. It is not in accordance with 
American thrift, or with common sense, 
foreign or domestic, to erect monumental 
structures for a few months’ use. It is 
wiser to congratulate ourselves on having 
obtained so gooda series of buildings than 
to spend time in pointing out wherein 
they might have been improved. 


ARCHITECTURE. 


THERE has been manifested recently a 
most alarming outcry against architectural 
writing in certain quarters which is doubt- 
less intended to carry dismay among the 
host of non-professionals who undertake 
to describe and judge the architecture of 
America. Not long ago Zhe Nation, in 
reviewing Mr. Montgomery Schuyler’s 
book on “ American Architecture,” stated 
that the author was one of the very few 
writers not professional whose remarks 
carried any weight. Zhe American Archi- 
tect quickly echoed the same thought in 
characterizing “the light criticisms current 
in the magazines” as “usually written by 
men without professional training.” With- 
out undertaking to defend the non-pro- 
fessional writer, it may be pointed out that 
a limitation of architectural writing to 
architects would result in a most uncalled 
for restriction init. There is no reason at 
all, as both Zhe Nation and The American 
Architect are aware, why an architect is 
necessarily better qualified to write on 
architecture than one who, though not an 
architect, has given the subject careful and 
intelligent study. Dramatic critics are 
seldom actors; critics of painting and of 
sculpture are as seldom artists ; why should 
architecture be a sacred art that none save 
architects may speak on it? It is true en- 
ough that there is much printed about 
architecture that should never have been 
written; and it is also true, as every ob- 
server must have noted, that many build- 
ings have been built that should never have 
been designed. If architects fail in their 
particular province, what may be expected 
if our whole architectural instruction is to 
come from them? Professional literature 
in this country is far from being what it 
should be, and is confessedly inferior to 
that of England, France and Germany. 
Even our technical journals, in which the 
literary productions of architects may 
most naturally be looked for, are made up 
chiefly of foreign material, either in the 
form of translations or in direct borrowings. 
Admirably edited as some of our architect- 
ural journals are, their contents are largely 
reproductions from foreign sources. A lead- 
ing British journal before me, onthe other 
hand, is filled with important papers, re- 
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ports of original lectures and discussion, 
and notes and articles of the most varied 
kind from practical architects. The differ- 
ence is not altogether in editorial manage- 
ment, but in the greater attention given to 
literary subjects by English architects. 
Perhaps they have more leisure than Am- 
erican architects ; perhaps they more keenly 
appreciate the value of professional liter- 
ature. Whatever the reason, we have in 
this country no such professional writing 
as may be found abroad. 

What, then, is to be done? If ourarchi- 
tects do not write, shall we do without 
architectural discussion, or shall we make 
the best of non-professional writers? The 
question is not more unnecessary than the 
criticisms made by the two periodicals 
above. If the architects will not write, 
the non-architects cannot be blamed for 
filling a gap in the literary world. And as 
a matter of fact the advancement of archi- 
tecture in this country owes a debt of no 
inconsiderable magnitude to the non-pro- 
fessional. Architecture is a subject about 
which there should be the greatest possible 
interest, but in which comparatively little 
interest is felt. Yet this interest is grow- 
ing wider day by day, and largely through 
the popular magazines which are constantly 
giving more space to architectural sub- 
jects. The value of the criticism contained 
in this space is quite foreign to the value 
of exhibiting architectural models where 
all may see them. The non-professional 
writer has, therefore, acquired an impor- 
tance, perhaps unjustified and unmerited, 
but nevertheless an importance which the 
professional man has not obtained. It is 
altogether needless to insist that compe- 
tent writers on architecture can only be 
architects. It would beas sensible to main- 
tain that a diploma of the American Insti- 
tute carried with it a certainty that the 
designs of the prossessor would be above 
even professional criticism. There is un- 
questionably much room for improvement 
in architectural criticism from lay pens. 
There is too much attention given to 
superficialities, to the manufacture of 
fagades and the grouping of masses, to the 
exclusion of the real conditions—hard, prac- 
tical, difficult conditions—which hem in 


and surround the design of every modern 
building. But it is one thing to insist on 
this improvement, and another to deliber- 
ately shut outall but architects from saying 
anything about an art that affects the life 
and well-being of every civilized man. 
Architects, no more than other men, should 
not produce work that will fail to come 
up to the standard of non-professional 
writers, 

The subject touches on the whole ques- 
tion of architectural criticism. Nothing 
can be more evident than that of all men 
architects are most unfitted to criticise 
current architectural work. No critic can 
justly judge the work of a personal friend ; 
no architect can rightly estimate the value 
of the work of a business associate or pro- 
fessional rival. The blowing of one’s own 
trumpet has become a recognized feature 
in all callings, but the architect who would 
write himself up in the press would speed- 
ily find his reward to be other than he 
hoped. Architectural critics cannot be 
gathered from professional sources. Asa 
matter of fact all wholesome criticism 
should be anonymous, and that not nomi- 
nally so, but absolutely and entirely. The 
moment a critic is known, be his judgment 
ever so just, his fitness for his work ever 
so great, his remarks lose part of the 
weight of authority. It is Jones’s opin- 
ion, or Brown's; it represents individual 
views, not authovitative utterances. A 
well-known writer on architecture has laid 
down the rule that before beginning to 
write on any architectural subject the 
would-be author should visit architects, 
find out what they are doing, get their 
opinions, and have a “talk” with them. 
Under certain conditions this advice is 
wise and good, but how, pray, is one to 
point out errors, and possibly glaring ones 
at that, in the work of a man with whom 
he has just had a friendly conversation, 
who has taken him into his confidence, as 
it were, and brought out all the good 
points of hiswork? There are many lines 
of work which only professionals can 
rightly criticise. The engineer understands 
the problems of his profession better than 
the layman can possibly do. It is thesame 
with the electrician, the machinist and 
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many others, because in these professions 
the questions are wholly utilitarian. Archi- 
tecture does not come within the same 
category. There is a personal and inven- 
tive phase in it which destroys the value of 
external criticisms, if no other, from pro- 
fessional sources. The non-professional 
writer may not come up to the necessary 
standard, but he performs a duty that the 
technical journals may well be thankful 
for. 


THE Rev. Dr. Huntington finds great 
coinfort in the fact that no voice has yet 
been raised in protest against the accepted 
design of the choir for the new Episcopal 
Cathedral it is proposed to build in New 
York. Asa matter of fact no intimation 
has been given that criticisms would be 
acceptable or that they would be heeded 
had they sufficient weight. It is more 
likely that the silence in which the rever- 
end gentleman finds so much joy arises 
more from indifference than from any 
sense of satisfaction. Doubtless it is now 
too late to make any changes in the ac- 
cepted plans, but it may not be too late to 
point out one or two points in which some- 
thing better might have been hoped for. 
If Dr. Huntington would take photographs 
of the apse and choir of Noire Dame at 
Paris, of the cathedrals of Amiens, Rouen, 
Chartres, Reims, Le Mans, Cologne or 
Canterbury and compare them with the 
drawings of the same parts of the New 
York cathedral, he would find some parts 
in which the home design falls immeasur- 
ably below the others. For the question 
is not a matter of style, but of relative mag- 
nitude and superiority. The New York 
cathedral is to be not only absolutely great 
but relatively also. The whole conception 
rests on an attempt to rival the great 
churches of Europe. Doubtless this can 
be done without servile reproduction or 
too close copying, but having selected a 
style of architecture that approximates in 
general appearance, however different and 
distinct it may be in detail, the great 
churches of Europe and then accept so 
bald a closing as is shown in all the draw- 
ings of the accepted design, is simply ig- 
noring the plain teaching of real struc- 
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tures. It is very hard for the Episcopal 
clergy in this country to rid themselves of 
the traditions of Anglican church archi- 
tecture, of flat wall endings, suggestive 
only of a lack of ideas, but very English 
and very dear to the Anglican heart. As 
a flat wall has no particular architectural 
value as an end to the long vista of a 
church nave, it might be supposed to have 
some special veligious siguificance. This 
the most violent Anglomaniac cannot as- 
sert with any regard for his own intelli- 
gence. The New York cathedral trustees 
have avoided this error, but it is to be 
regretted that in doing sothey did not ob- 
tain something so much better, finer, 
grander than they did. 


THE most munificent gift yet made to 
the study of architecture in New York is 
the Avery Library of Columbia College. 
Founded by Mr. S. P. Avery, in memory 
of his son Henry O. Avery, and hand- 
somely endowed, this great collection of 
books fills more than a vacancy in profes- 
sional needs of the metropolis. Though 
not yet ready for general use, the exhibition 
of the collection, which formed a feature 
of Commencement week at Columbia, 
brought out its great wealth in books for 
the firsttime. It has been planned on the 
most liberal scale, the idea being to obtain 
representative books in every phase of ar- 
chitectural and decorative work. It is 
not, composed therefore, of books exclu- 
sively architectural, but very well illus- 
trates decorative, archeological and allied 
subjects. It is needless to say that the library 
contains many volumes not to be found 
elsewhere in New York, if indeed they can be 
found anywhere in this country. The great 
cost of many of the most pretentious and 
valuable books on architecture is almost 
prohibitive, and hence it is impossible to 
estimate the good that must follow the 
opening of a collection in which expense 
has been a secondary consideration in 
forming a thoroughly representative selec- 
tion. The book exhibition was a revela- 
tion both of the wealth of the library 
and of the richness of architectural litera- 
ture, and was of value not only in direct- 
ing the professional man to the treasures 
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placed within easy reach, but of illustrating 
to the greater public the possibilities and 
actualities of architecture. One depart- 
ment of the library calls for special men- 
tion, because destined in time to become 
one of its most valuable features, and that 
is its series of periodicals. No class of 
journals is sorare in our public libraries as 
series of architectural and archeological 
periodicals, journals of societies, records of 
meetings, etc. This has been made a special 
department of the Avery Library, and it is 
hoped to make it, what indeed it is already 
not far from being, the most exhaustive 
collection of the kind in America. The 
generosity which prompted this noble gift 
will be appreciated more and more as the 
collection grows older and more complete. 


Wuo but a Frenchman would think of 
writing a history of candlesticks and lamps 
.and methods of lighting in general? Cer- 
tainly no one but a Frenchman could carry 
out such a work in a lively manner and 
clothe dry historical facts in animated 
language that would attract both student 
and amateur. Strange as the subject isa 
French writer has prepared a “ Histoire de 
Luminaire ” in which he traces the manner 
.of making illuminations from Roman times 
to our own day. And when one comes to 
think of it the making of a gas standard or 
of a chandelier or a lamp is quite as im- 
portant, in a well-ordered and correctly- 
designed house, as good windows and 
doors, or even walls and roofs. Yet inthis 
country the making of artistic light stand- 
ards and incorporating them in the general 
design of buildings is comparatively recent. 
Few methods of architectural decoration 
are capable of more successful handling 
than this, and few have been worse handled. 
In much recent work the single artistic 
idea, if such it can be called, has been the 


grotesque. Horrible dragons and hideous 
monsters, which look quite tame when 
fastened by their tails to a wall, seem to 
meet the prevailing taste. Of course pre- 
vailing taste has absolutely no relation with 
art or architecture, but these provoking 
animals of iron and bronze often maintain 
an existence wholly unnatural and quite 
out of proportion to their.importance. It 
is when such things are viewed as a whole 
as in the work just referred to, that the 
real possibilities and the real actualities of 
good light fixtures become apparent. The 
catalogues of the manufacturers of such 
goods are not always the place to look for 
artistic reproductions, but they are becom- 
ing more satisfactory every day. We need 
much more than improvements in manu- 
facturers’ catalogues, improvements in the 
art idea. French decorative art is to-day 
the finest in the world because the artistic 
instincts of the French people have been 
cultivated to such a point that they appear 
spontaneously, as it were. Nothing but the 
most egregious self-conceit or wilful blind- 
ness can make one compare our own little 
progress with the great strides the French 
have been taking for centuries, but we can 
look at their work with longings to equal 
it if we realize this cannot be done in a 
day. This is perhaps getting a little far 
from our “ Histoire de Luminaire,” but it 
is so full of admirable French designs, and 
so well illustrates the French concern for 
minute details, as to naturally bring up the 
condition of art in France. The high merit 
of French art to-day is one of the most 
noteworthy instances of the results of pro- 
tection. Constant and persistent encour- 
agement by all kinds of government has 
placed Franceatthe head of artistic people. 
It is a striking contrast to the policy pur- 
sued by our own Congress and petty 
politicians. 
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HE promoters of the Nicaragua canal 
are pushing the cliims of that great 
scheme before the American people in an 
energetic manner. The union of the two 
oceans is a project which appeals to the 
commerce of the entire habitable globe. It 
will create a traffic ot its own beyond all 
calculation ; it will promote the civiliza- 
tion of the sparsely-populated regions on 
either side of it and it will bring the means 
of subsistence to millions who will popu- 
late the new trade centers which will be its 
natural outcome. The United States, from 
strategic as well as commercial reasons, 
cannot afford to allow such an undertaking 
to pass outside its own control. To Great 
Britain it would have been, to say the least, 
a better investment than the Slough of Des- 
pond into which she has poured her 
hundreds of millions. Even now in spite 
of the prodigious losses which she has suf- 
fered from the collapse of Argentina there 
is a glut of capital in England waiting for 
a revival of confidence. It would not be 
surprising if the promoters of the Nicaragua 
canal were soon to receive a tempting offer 
from London which they could only be 
forced into accepting by the supineness 
of their own Government and people. 

The General Manager of the Canal Con- 
struction Co, read a paper a short while 
ago before the Franklin Institute of Phila- 
delphia which, besides being a general de- 
scription of the project, the substance of 
which is familiar to us all, gave some de- 
tails of interest that are not so generally 

-known. Mr. Davis stated that the first 
survey was made as early as 1849 by Mr. 
Oliver W. Childs of Philadelphia. Since 
the granting of the concession in 1887 the 
surveys have been continuously carried on 
amidst great difficulty from the dense 
virgin forest and tropical jungle until the 
present time. Counting. up all the trial 
lines, location surveys and re-surveys a 
total length of 4000 miles has been sur- 
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Conducted by T. Graham Gribble. 


veyed, and the company are assured that 
they will not fail of success from lack of 
knowledge of the ground. 

The San Juan river which forms the 
access from the Atlantic is 35 to 100 feet 
deep and a steamer built at Wilmington, 
Del., which was brought into Lake 
Nicaragua through that river, has for eight 
years been doing the entire trading upon 
the lake. 

The most formidable part of the under- 
taking is the great rock cut at the divide 
which is between three and four miles in 
length and averages 140 feet in depth. A 
great rock cut is generally regarded by the 
non-technical public asa greater engineer- 
ing difficulty than one in soft material, but 
every engineer who knows what wash-outs 
and land-slides are would infinitely prefer 
to handle a rock cut than one in clay or 
sand. The material from this cutting is to 
be transported by means of the railway 
now in course of construction to form the 
breakwater at Greytown. 

The locks are to be similar to the great 
lock at Sault Ste. Marie which has passed 
9 million tons of shipping in 234 days, or 
nearly 50 per cent. more than the Suez 
canal. The width of the latter canal at 
bottom is 72 feet, but the Nicaragua canal 
will have a minimum width of 80 feet and 
depth of 28 feet. A 3000-ton steamer can 
be passed through the Soo lock in thirty 
minutes, but allowing forty-five minutes 
for the Nicaragua locks, a vessel will be 
able to make the complete passage from 
ocean to ocean of 170 miles through canal, 
basins, river, lake and locks, in twenty- 
eight hours. 

The first estimates of cost by a commis- 
sion of prominent engineers was about 
$87,000,000; since then by careful survey 
and analysis the company believe that the 
cost will not be more than $65,000,000 but 
allowing for financing and all contingencies. 
they bring the figure up to $100,000,000 and 
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believe that the whole work can be com- 
pleted in six years. 


ADVICES from Christiania to the Chi- 
cago Herald indicate that Scandinavia 
will furnish the World’s Fair with a 
dragon ship of the Viking period which 
will make the 5000-mile transit on its own 
keel and by its own oars and sail. Follow- 
ing upon the voyage of the Wergeland, 
referred to in the June number of this 
magazine, as the first steamer to make her 
way from the old world into the heart of 
the American continent, this enterprise of 
the hardy Norsemen will be viewed with 
peculiar interest. The Gokstad is to be 
modelled on the remains of a vessel which 
was excavated in 1880 on the shores of 
Sande fjord, at the entrance of the Chris- 
tiania fjord. Her hull is seventy-six feet 
long and about sixteen feet amidships. 
Her oars are sixteen feet long and the 
rowing crew will be composed of thirty 
men. There have been numerous appli- 
cations for the hazardous task of navigat- 
ing the vessel across the Atlantic. Several 
literary men will accompany the dragon 
ship with a view to writing a story of the 
voyage and publishing along with it an 
account of the discovery of Vinland (Am- 
erica) by the Norsemen long before Co- 
lumbus. Duringrecent years the influx of 
Scandinavians into Chicago has been very 
great. Whole districts are occupied by 
them ; they have their own churches and 
places of amusement, but they rapidly be- 
become Americanized and form a very 
worthy and useful element of the popula- 
tion. The exhibition of the Dragon ship 
will not only appeal to the Scandinavian 
part of the community, but from its historic 
value will be a great object of attraction 
atthe Exposition. The ancient practice of 
providing in the vessel a sepulcher for the 
Viking, in which he was entombed with 
the magnificent accoutrements of his rank, 
will all be illustrated. A sum of $16,000 
will be gathered by national subscription 
to defray the expenses. She will doubtless 
take the same route as the Wergeland via 
the Saint Lawrence and the Welland canal 
and may expect a tremendous ovation 
when she arrives. 


IN some recent numbers of London 
Engineering an amusing account has been 
given of railroading in the island of For- 
mosa in the China seas. The Chinaman 
finds engineering a splendid opportunity 
for display of officialism and mingles with 
it his supreme contempt for the “foreign 
devil” with the spirit-level. The scheme 
in its completeness was to include a rail- 
way from end to end of the iSland, with a 
tunnel and some fair-sized bridges. The 
rails coming from England, it was found 
expedient to appoint a British consulting 
engineer, but the executive was entrusted 
to a Chinese construction company under 
Government supervision. This company 
became hopelessly involved, and the Gov- 
ernment then took complete control of the 
works with their corps of military engi- 
neers. The manager of construction was 
the Governor of the island and every gang 
was bossed by a live general, the men being 
soldiers of a military distinction entitling 
them to be called “ braves.” It was found 
after some time advisable to send to Eng- 
land for a resident engineer, principally to 
come in as a scape-goat when failure took 
place, but by no means to presume upon 
his position otherwise than to give advice. 
Even the location was definitely fixed by 
His Excellency the Governor irrespective 
of foreign arguments, the only exception 
being that when a gangezeneral had a 
“pull,” he would make deviations to suit 
his own ends, sometimes involving curves 
of 150 feet radius combined with grades of 
330 feet to the mile. The British resident 
engineer on arriving, found the work in so 
disgraceful and dangerousa condition that 
he made a report to the Governor setting 
forth all the defects, suggesting improve- 
ments and recommending the reorganiza- 
tion of the whole system. His Excellency 
replied by placing three Chinese officials, 
one over bridges, a second over machinery 
and cross-ties, and a third over mainte- 
nance, to carry out the engineer’s sugges- 
tions, as far as they should deem tt advi- 
sable. The greatest of the afflictions of 
this much-tried man was the bridging of 
the Twatulia river, 1500 feet in total length. 
The Chinese insisted on carrying out the 
work in old-time Chinese style. The depth 
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of mud had been proved by borings to be 
at least 120 feet below the bed of the river, 
but the piles were all cut 50 feet long and 
driven until their tops came level. This 
structure was swept away when about one- 
third finished. Although the railway sys- 
tem of Formosa cannot be said to have 
done much to add to previous knowledge 
of the art, it was quickly appreciated by 
the Chinese peasantry as an improvement 
upon the Government highway. In the 
words of the writer: 

“No sooner were culverts and bridges 
practicable for foot passengers, than the 
railway was inconveniently used as a high- 
road to and from the capital. Strings of 
half-naked, groaning and sweating coolies 
staggered under their cruel loads, sus- 
pended at the ends of spring bamboo 
yokes ; while closed paper-covered bamboo 
chairs, containing local dudes and belles, 
passed gently bobbing up and down, and 
became a source of serious inconvenience 
and danger to the drivers of the trains.” 

It is a truism to say that it is harder to 
unlearn than to learn, and yet it has no 
more striking exemplification than in 
China. The religion itself, with its chief 
feature ancestral worship, shows how the 
Chinaman lives in the record of the Past. 
The American, on the contrary, deals in 
“ futures.” 


THE decision of the Supreme Court in 
favor of the plan for rapid traasit proposed 
by the Commission appointed by the State 
of New York to solve this great problem 
i is an important step towards some prac- 
; tical result of two years deliberations. 

The judges’ conclusion is that the report 
must be confirmed and the work allowed 
to proceed ; they say however “that the suc- 
cess of the enterprise is not a question of 
engineering but a matter of finance.” It 
could hardly be expected that the legal 
sages were to decide upon whether the 
plans as presented could be carried out 
successfully. They have however made 
short work of the objections, and have 
supported the action of the Legislature in 
conferring powers upon a carefully se- 
lected body of men to’come to the best 
conclusion in the acknowledged con- 
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dition of urgent requirement on the part 
of the general public for improved means 
of transit. There remains the fact that 
many engineers of very wide experience 
have not been able to endorse the plans of 
the Rapid Transit Commission and the 
further fact that capitalists have not 
shown great avidity towards the enter- 
prise. The engineering objections were 
described at some length in the Razlroad 
Gazette of November 20, 1891. The pres- 
ent decision of the Supreme Court does 
not annul previous decisions of the courts 
to the effect that owners of abutting prop- 
erty are entitled to compensation for such 
detriment as results to them from such a 
change of use. Since the date of the dis- 
cussion reported in the Razlroad Gazette 
above referred to, another property of 
great value has obtained vested rights 
upon the surface of Broadway, the double- 
track cable road, a very costly structure 
which is to be undermined by the new 
railway. The Commissioners have doubt- 
less assured themselves that their four- 
track structure can be tunnelled success- 
fully under the cable road and sidewalks 
without detriment to the same, and by a 
flat-topped heading. The experience even 
with circular tunnels is not such as to re- 
move all doubts of settlement and a flat- 
topped heading under such circumstances 
is more experimental than a circular one. 
Wishing the enterprise the utmost success 
which the whole public is longing for, we 
still are of opinion that the Supreme Court 
have only helped them over the first of a 
series of difficulties which are before them. 


THE first and most difficult section of 
the proposed waterway from Chicago to 
the Mississippi was let in various contracts 
on June 29. The amounts totaled up to 
$10,696,755. The contracting parties are 
Messrs. McArthur Brothers, Agnew & Co., 
E. D. Smith & Co., Mason, Hoge & Co., 
the McCormick Construction Co., and 
Alfred Harley. The channel is largely 
through rock and will serve the twofold 
purpose of diluting the Chicago sewage 
and a ship-canal for future commerce be- 
tween the Lakes and the Mississippi. It 
will have a width at bottom of 160 feet and 
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auniform depth of 19 feet, a gradient of five 
inches to the mile and a capacity of 600,- 
ooo cubic feet per minute. The Suez canal 
can be compared with it as regards naviga- 
ble capacity, but not being designed as a 
discharging channel and being in fact a 
tidal water, the other data are not homolo- 
gous. The Suez canal has a bottom width 
of 72 feet, just sufficient for one large 
steamer. It isin fact a “single-track” canal 
with “turnouts”; the Chicago canal will 
be “double track.” The Suez canal has a 
top width of 197 feet, the depth in 
center being 26 feet or 7 feet more than 
that of the Chicago canal. The Amster- 
dam or Ymuiden ship canal has a bottom 
width of 89 feet, top width of 197 feet and 
depth of 23 feet, or 4 feet more than that 
of the Chicago canal, but it is also a one- 
horse canal. The superior dimensions of 
the Chicago canal were not so much de- 
manded in the interests of navigation as in 
those of sewage disposal, the law demand- 
ing as it does a water supply for diluting 
Chicago's present and future excreta to 
the enormous amount of 600,000 cubic feet 
per minute. The position of the present 
work is neither the beginning nor the end 
of the programme of the Sanitary Com- 
mission. It is a stretch of fourteen miles 
of heavy cutting across what is called the 
Chicago divide or “height of land.” It 
commences at a village called Willow 
Springs, twenty miles from Chicago Court 
House, close to the present Illinois and 
Michigan canal and runs in a southwest- 
erly direction to Lockport, a town three 
miles from Joliet. The total length of 
cutting will be fourteen miles, the maxi- 
mum depth in rock about 35 feet and in 
clay about the same. The faces of the 
rock cutting will be taken out plumb and 
smooth with channelling machines and the 
excavations will all be run to spoil on ac- 
quired lands. The earth cutting will be 
supported by retaining walls and the ex- 
cavations go to form levees. 

The Sanitary Board have shown con- 
siderable boldness in thus diving right into 
the heart of the difficulty which is before 
them. They have only acted after long 
and careful study of the whole question 
and have before them voluminous and ex- 


haustive reports of experts. Perhaps the 
ablest exponent of the views of the Sani- 
tary Board has been Mr. L. E. Cooley, now 
a member of the Board of Trustees and 
formerly Chief Engineer. The chief en- 
gineer now is Mr. Benezette Williams, and 
the chief assistant engineer Mr. J. C. Des 
Granges. 

The difficulties which are before this 
great enterprise are serious, but the end in 
view is worthy of all the money that it is 
proposed to put into it. If it were only 
undertaken as a waterway project, it is 
grand enough to evoke the enthusiasm of 
the nation. Its aspect, however, asa great 
sewer has not merely robbed the poet of a 
theme but it has stirred the indignation of 
the district Government engineer, Captain 
Marshall, who has been strenuously oppos- 
ing the application of Chicago for Govern- 
ment grants in aid of the enterprise, con- 
sidering as he does that to do so would be 
to apply Federal money to municipal pur- 
poses. Chicago has therefore to handle 
the matter herself. With regard to the diffi- 
culties, the first is the lowering of the lakes 
by the abstraction of so large a volume of 
water. This matter has received very close 
study, and the result has been to show that 
no positive detriment will result to the navi- 
gation of the Detroit river or any other of 
the points where deep water is hard to get. 
In the second place, the addition of so large 
a volume of water to the Illinois river will 
doubtless affect the low-lying lands of the 
Illinois basin to some extent. Many of the 
farmers are now crying out against the 
Government for having dammed the river 
in several places, rendering their lands 
water-logged. The Sanitary Board are of 
opinion from their investigations and cal- 
culations that when these dams are re- 
moved, and the bed of the river improved, 
the river will obtain by scour a greater 
depth than it has at present, and at the 
same time a lower surface level so that the 
lands will be less water-logged than be- 
fore. They do not fail, however, to appre- 
ciate the difficulty with floods, and no 
doubt the present season affords them an 
object lesson upon the subject. 

They propose in the first place a cut at 
Bowmanville, in North Chicago, which 
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will carry off flood waters from the Des- 
plaines river to the Lake, and so to prevent 
them from going down the Illinois river as 
at present. If, however, in spite of all 
their precautions, the floods should de- 
stroy the bottom lands of the Illinois river, 
Chicago will have to buy them up, and the 
Sanitary Board estimate those lands at so 
low a value as not to form an insuperable 
barrier to the enterprise. The next difficulty 
is the entrance into Chicago. It has not been 
determined yet where the channel will enter 
the lake, nor whether one or more cuts 
will be made. The question is one which 
involves several of the most important in- 
terests. The real estate which will have 
to be devoted to the fresh cuts will require 
a great deal of negotiation. One proposal 
for the intake channel is between the 
World’s Fair grounds and the Calumet, 
another is at Bridgeport, somewhere near 
39th street. The former would be on cheap 
land and the latter on very expensive 
property but more convenient for receiv- 
ing the sewage. The north cut proposed 
at Bowmanville is not for an inlet but 
a spillway to keep the floodwaters of the 
Desplaines river from getting intothe canal. 
These cuts will, in the second place, 
affect the transportation problem. The 
present harbor entrance, narrow and with 
low banks, has been a barrier to rapid tran- 
sit on account of the swing bridges which 
obstruct also the navigation. The pro- 
gramme of the Sanitary board includes 
the entire filling up of this present harbor 
entrance, the creation of industrial proper- 
ties on its site and the facilitation of rapid 
transit across the new cuts by means of 
tunnels. Seeing that every street must 
have its tunnel which will have to be about 
1500 feet long including approaches, in or- 
der to make one crossing of the same ca- 
pacity as a present street, the cost will be 
‘about $1500 per lineal foot or $2,250,00c 
per street. These figures are taken from 
the present prices at which the cheapest 
and most efficient method of tunnelling, 
that of the “ Beach” or “ Greathead sys- 
tem, is being contracted for. It is true 
that the “ May” tunnel was estimated to 
cost only $1,500,000, but the method 
of construction advocated was not one 
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upon which reliable estimates can be made. 
Even upon a sanguine estimate these tun- 
nels in such number would run intoa huge 
pile of money. In the third place the 
scheme must, like any other systematic 
scheme, to a great extent revolutionize the 
present subdelivery of merchandise with 
the so-called markets of Chicago which 
are little more than usurpations of the side- 
walks, but which have caused the erection 
of aclass of buildings suitable only for 
that purpose. In the fourth place, when 
all these things are done, the Chicago 
river minus its present harbor entrance 
will remain, as now, an open sewer. Its 
grade and consequent transporting power 
will be improved; the floodwaters of the 
Desplaines river will no longer carry out 
the sewage to the cribs in the lake whence 
the people draw their drinking-water ; but 
an open sewer it will remain. It may 
prove, furthermore, that on the annual rec- 
ord the river will contain more sewage 
than before. The spring freshets, although 
they carry out sewage from the river to an 
extent which pollutes the water-supply and 
are in that sense dangerous to the city, are 
on the other hand an effectual natural 
flushing system to the Chicago river. 
When this is done away, and the diluting 
stream supplied in South Chicago, it is 
possible that the sewage will have to be 
continually dredged away from the bot- 
tom of the stream to preserve the city 
from epidemic. 

It is hardly to be expected that Chicago 
will utimately or indeed long be contented 
to have an open sewer of this magnitude 
through its center. The only way to make 
a complete job will be to stop all the sew- 
ers from debouching into the river, and to 
construct a complete main sewer system 
which will, as in the great cities of Europe, 
transport the sewage to a point such as 
Bridgeport, where it can be pumped into 
the drainage waterway. The bill for this 
piece of work will probably run to twenty 
or thirty millions. 

In conclusion we must not be under- 
stood to undervalue the work which has 
just been authorized by the Chicago 
Drainage Board. It is a bold plunge into 
ascheme which has many ramifications, 
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and will involve a most prodigious expen- 
diture—an expenditure which may too 
affect materially the cost of living. There 
are two great laws which operate upon the 
development of cities, the one is the cen- 
tripetal force of dusiness going where busi- 
ness 7s. The contrary or centrifugal force 
is that of business going where business ts 
cheapest done. Cities reach their zenith 
when their development has so increased 
in costliness that living and trading has 
become more expense than that of smaller 
centers. In American cities, especially 
where primary conditions have to be re- 
volutionized in order to pass from adoles- 
cence to maturity, capital is not always 
forthcoming forthe outlay. Smaller cities 
then reap the benefit, and so fresh trade 
centers are established. Sewage disposal 
in Chicago is only one factor in an im- 
mense problem, the reorganization of all 
her municipal works. The future develop- 
ment depends upon how much useful work 
of an anticipative as well as present bene- 
fit can be accomplished within the bor- 
rowing powers of the city upon a basis 
which will not interfere with cheap resi- 
dence and cheap trading as regulated by 
fees simple, rates, taxes and harbor dues. 


THE frequent references in the engineer- 
ing press to new methods of laying out 
transition curves is an indication that the 
easing of the shocks to rolling-stock of 
steam railways is becoming more a subject 
of general interest. In contrast with 
this is the supineness of street-railways 
towards the same question. Certainly 
where very high speeds are attained and 
derailment would be always attended with 
danger to life and limb, transition curves 
are of greater importance, but from another 
point of view, namely, that of economic ad- 
vantage, the comparative importance is 
greater in street-railways. The practical 
objection raised to them is that if a curve 
becomes deformed or requires renewal, the 
ordinary tracklayer is apt to put in what 
one of them termed “somethink of a 
parabowler,” and asthe man knew as much 
as a cow of conic sections, the curve was 
unique. These difficulties vanish with the 
adoption of proper system and the furnish- 


ing of drawings and templets for renew- 
als. Spirals for street-railways are, with 
the advent of mechanical traction and the 
highest speeds consistent with safety, 
becoming every year more important. The 
radii cannot be increased but the speed 
limit is in the hands of the motor-man, un- 
checked by the equine reluctance to whisk 
the ordinary horse-car round a corner. 
The company protects its cars from derail- 
ment upon sharp curves by means of guard- 
rails, but cannot prevent its passengers 
from the unpleasant swing and jolt when 
the cars turn a square corner at full speed, 
nor avoid wear and tear to the car wheels 
and axles from the sudden cross-strain. 

With regard to joints, a company in 
Chicago is just putting down atrial mile of 
electrically-welded rail. The variations in 
length arising from unequal temperature 
between the head and the base of the rail 
will be taken up by strain in the material 
which will possibly attain as much as five 
tons per square inch. Such strain will of 
course in itself produce wear but it is 
doubtful whether it will be as great as that 
of the ordinary joint. The bad joint con- 
demns the whole rail. ‘She electrically- 
welded rail will wear uniformly, and if 
properly pounded will be prevented from 
buckling under strain. A mile is rather a 
long stretch for a first experiment and even 
if successful it might be found preferable 
to make joints at every block, not for ex- 
pansion but for facility in renewal. The 
application of thecontinuous rail to steam 
railways would be much more difficult, but 
the continuous longitudinal metallic sup- 
port might render it practicable. 


IN this department in July the Werge- 
‘and was spoken of as the first steamer to 
arrive at Chicago “ bearing an old-country 
flag.” We are pleased to hear from Dr. 
Stockwell, of Messrs. Parke Davis & Co., 
of Detroit, that some six years ago the 
steamship Rosedale brought Portland 
cement from England to Chicago by the 
same route as the Wergeland. We are 
further pleased to receive his indorsement 
of our views as to the importance of the 
development of this waterway by improve- 
ment of the St. Lawrence canals. 
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Conducted by Albert Williams, Jr. 


| Bape YEAR 358 new ironand coalcom- 
panies were incorporated, with an 
authorized capital of $133,471,830, and 1219 
new gold and silver and other mining com- 
panies, with a nominal capitalization of 
$1,034,602,900. What the record will be 
for this year is beyond guessing, but for 
gold and silver mining companies the to- 
tals undoubtedly will be much higher. Of 
the making of corporations there is no end. 
The opening of new districts, especially in 
Colorado, has given rise to the formation 
of a swarm of stock companies, articles of 
incorporation having been filed at the rate 
of several hundred a month ever since the 
beginning of the year. It is hardly neces- 
sary to explain that the capitalization 
stated is largely in the air, hundreds of 
thousands or millions often figuring where 
only a few hundreds or thousands have 
been paid in ; and when a stock certificate 
is inscribed “ full-paid and non-assessable ” 
the expression may often be understood as 
a legal fiction or to signify that part of the 
full payment is represented by a convey- 
ance of property on a paper basis. Few 
mining companies are capitalized at less 
than $200,000; from this they range up to 
$1,000,000 or $5,000,000 and sometimes 
$10,000,000— but the figure is usually mean- 
ingless. 

Capital is needed to develop and work 
most mines before they can be put on a 
paying footing. To form a company and 
sell stock is a perfectly legitimate and 
straightforward method of securing the 
money needed, besides being about the 

‘ only way in which small investors have a 
chance to take interests in mining. Un- 
fortunately for the small investors, how- 
ever, they are usually incapable of judging 
of the merits of a mining “ proposition,” nor 
have they the means of finding out, open 
to capitalists, through the employment of 
disinterested professional advice. What 
little information they have comes through 
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the prospectuses and advertisements of the 
sellers, and the “ fixed ” reports of the sell- 
ers’ experts. The man who risks only a 
few dollars does not care much for infor- 
mation; for he probably regards all kinds 
of mining as a wild gamble, and does not 
realize that in some modern torms of the 
game there is no gambleat all, but a dead- 
sure “cinch.” There was atime, not so 
long ago, when speculation in mining 
shares, especially those of the Comstock, 
was carried to such a pitch that stock cer- 
tificates were handled like so many coun- 
ters and not regarded as representing 
shares in so much ground and machinery. 
In a game conducted in that spirit it was 
not especially important to know whether 
the property represented by the pieces of 
paper had any value or not, so long as the 
certificates passed current and went on 
see-sawing up and down in price. But that 
sort of thing has about come to an end—at 
least for the present. It may come into 
vogue again, after people’s memories are 
dulled. Nowadays the mining proposition 
is invariably put forward as an investment, 
and as such it must be rated, for there is 
practically no market for wildcat stocks for 
speculative purposes in the exchanges. To 
make the investment a plausible one a new 
and improved device (as the patent men 
would call it) has been introduced ; namely, 
to pay small but regular (unearned) divi- 
dends at the rate of 12 or 18 percent. a 
year, or acent toa cent anda half monthly 
on the dollar, on the small amount of out- 
standing stock, until sufficient appearance 
of stability is given it, the manipulators 
paying the “dividends” out of receipts 
from further sales of stock. When the 
shares have all been sold, or as many of 
them as can be, dividends cease, there being 
no occasion for more bait being wasted ; 
the stock is left to take care of itself and 
speedily drops out of sight, the property is 
attached and the deal is at anend, That 
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is the sort of mining proposition that is 
bringing discredit upon a noble industry. 
Compared with the old-time speculative 
idea, it is as bunco is to faro; not an open 
game with a remote prospect of winning, 
but a despicably mean and small steal. 
There are some other innovations, more or 
less ingenious, in the present methods of 
placing insecurities, which would requirea 
book for full description. 

It must not be supposed that all or nearly 
allofthe new mining companies are to be set 
down as frauds. Almost all of the biggest 
and best mines, the ones which pay real 
dividends or give promise of doing so, are 
owned by companies. Many of these are 
close corporations and never list their 
stock on any exchange ; indeed have none 
to sell. Then there are other companies 
which, not having inside backing, have to 
offer part of their shares to the public in 
order to raise money to carry on work, for 
there are very few mines which pay from 
the start. But it is not inhuman nature to 
give something for nothing, or very much 
for very little; and when a company ad- 
vertises its stock for sale it invites scrut- 
iny and should receive it. There will have 
been several thousand new companies 
launched this year. Some will be very 
profitable—to shareholders; some profit- 
able—to insiders and promoters ; and some 
will fall flat. Just what proportion of each 
kind there will be is an interesting but 
difficult question. 


SEVENTEEN of our mining states, and 
almost all European countries, have laws 
designed to protect the miner against the 
peculiar and ever-present dangers to which 
he is exposed. Coupled with these laws is 
a more or less efficient system of mine in- 
spection, for their enforcement and also 
leading to modificationsin their provisions 
and to progressive amelioration of the 
dangers of mining. It is in the older coal 
mining states, as Pennsylvania, Ohio, 
Kentucky and some others, that govern- 
mental supervision and restriction have 
been developed to the highest point ; and 
abroad the most painstaking attention is 
given to the subject in all the most highly 
civilized countries. The question fre- 


quently comes up, particularly when some 
unusually destructive disaster has startled 
and aroused public interest, to what extent 
these legal precautionary measures are 
Operative in warding off or lessening the 
dangers of mining. This is one of the few 
questions that can be put to the direct and 
generally admitted conclusive test of statis- 
tics, for the records in sqme states and 
foreign countries are kept with great pre- 
cision and extend over a long enough 
series of years to afford reliable averages. 
Yet there are some few persons whose 
hostility to paternalism in government 
(which feeling is doubtless well founded so 
far as general principles are concerned) 
renders them captious as to legislative and 
official intervention in this direction as 
well as in others, and disapproving the 
main idea they question the utility of its 
application in this instance. Granting that 
statistics do show a progressive diminution 
of accidents, they would ascribe the im- 
provement rather to increased knowledge, 
skill and public spirit than to compulsion. 
Without entering into an extended argu- 
ment, it is worth while to note that the 
greatest gain has been made in localities 
where laws and inspection are most strin- 
gent; that the progress has been made in 
the face of steadily-increased difficulties 
brought about by changes in the conditions 
of mining; and that in more than one 
instance a change in the law or the introduc- 
tion of a new one is marked by an imme- 
diate and unmistakable reflex in the statis- 
tics. Furthermore, the statistics are silent 
as to what might have happened in the ab- 
sence of restriction, nor do they show how 
many unnoticed escapes are due to it. 
And we do not often hear operators or 
miners complaining about unnecessary 
hardships being introduced by legal re- 
strictions ; for if a law is oppressive or found 
to work badly in practice there is a ready 
recourse in annulling or amending it. The 
laws differ in different places, and in all 
they should admit of a certain amount of 
flexibility. Thus to rigidly enforce a hard- 
and-fast rule that every mine, whatever its 
size and character, must have two exits, 
would involve needless expense in many 
small mines; or to apply an arbitrary re- 
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quirement for ventilation might be out of 
place in non-fiery mines—both of these 
illustrative regulations being well intended 
and eminently suited to other conditions. 
But while there may be local differences in 
laws, inconsistencies and a want of finality 
that calls for repeated tinkering, we know 
that the best thought of the most compe- 
tent men is devoted to the subject and that 
the whole mining profession is ever awake 
to its importance. It would be a sad com- 
mentary on human intelligence if the net 
result were nota betterment. As to this 
we have something definite in the testi- 
mony of cold figures, from an array of 
statistics for several foreign countries and 
some of our own states. 


FATALITIES in Belgian coal mines have 
been steadily decreased in proportion to 
the output and working force, from a 
death rate of 2.982 per 1000 in 1851-60 to 
2.605 in the next decade, 2.45 in 1871-80, 
and 2.13 in 1881-90. The gainis not large, 
but its regularity is significant. 

The French coal-mining statistics give 
still better results. In 1851-60 the death 
rate per 1000 was 3.4; it was 2.96 in the 
next decade, 2.219 in the next, and only 
1.57 from 1881 to 1890. 

The Prussian statistics are on their face 
far less satisfactory, the death rate in coal 
mines per 1ooorunning 2.054, 2.864, 2.896 and 
3.142 for the last four decades. Some ex- 
planation of this may be found inthe num- 
ber of destructive explosions singly involv- 
ing large loss of life; but that seems hardly 
sufficient. It is only fair to quote the 
records as they stand. 

Much attention has been paid in Great 
Britain to the averting of coal-mining acci- 
dents, and of all foreign countries that 
presents the most gratifying record of im- 
provement. In 1852-60 the ratio (which 


’ had previously been higher) of fatal acci- 


dents per 1000 employés was 4.07 ; in 1861- 
70 it had been reduced to 3.329; between 
1871 and 1880 to 2.354, and in the last 
decade it was1 949. The British statistics 
are the more valuable because of the care 
with which they have been kept and the 
enormous output and large force of men 
represented, the annual production having 


trebled between 1852-60 and 1881-90, the 
number of employés meanwhile doubling 
from a quarter million to over half a 
million. Notwithstanding the deplorable 
loss of life (it being computed that upwards 
of 11,000 persons have been killed by coal- 
mining explosions in that country during 
Queen Victoria’s reign), a distinct proof of 
the beneficial effect of mine inspection is 
given, and the Colliery Guardian asserts 
that “had not the working system been 
improved as production advanced the 
deaths would have been doubled or trebled 
within the last twenty years.” To this 
might be added that we have no means of 
knowing precisely what the death rate 
would be if there were no regulation at all, 
for exact statistics only go with inspection, 


IN 1891 there were 911 separate fatal acci- 
dents in the British coal mines, involving 
the death of 979 persons ; aratio of one fatal 
accident to each 712 persons employed, and 
one life lost in every 662, or a death rate of 
1.51 per 1000, This is the best showing 
yet attained, and the amelioration is as- 
cribed to the better working of the present 
coal mines regulation act. Comparing the 
figures with those of former periods, /rox 
says: 

** Under the act of 1850, which expired in 
1855, the annual ratio was one death in every 
233 persons employed. During the five years 
1856-60 in which the act of 1855 remained in 
force, the average ratio of mortality was one in 
258. This further improved under the next act, 
which was in force from 1861 to 1872, when the 
ratio was one in 312. The act of 1872 embraced 
coal, stratified ironstone, shale, and fireclay 
mines, and was in force up to 1887. Under it 
the average ratio of deaths still further decreased 
to one in 466, Last year, the proportion was one 
in 662, This marked and continuous improve- 
ment cannot be regarded as anything but highly 
satisfactory.” 


The improvement was due to the large 
decrease in the mortality occasioned by fire- 
damp explosions. While there was in fact 
one more separate accident of this kind 
than in 1890, the deaths resulting were only 
51 last year, as against 290 in 1890. 


the average value of a coal-miner’s 
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life in the United States is, as measured by 
the tonnage raised to the life lost, cannot 
be stated with exactness in the absence of 
complete statistics for the whole country, 
but the common saying that for every 200,- 
000 tons mined a life is lost is probably not 
so very far from the truth, It is claimed 
that, of the large operators in Pennsylvania, 
the Parrish Coal Co., at Plymouth, mined 
the greatest number of tons to the life lost 
in 1891, the output being 362,867 tons to 
one death, out of 579 men and boys em- 
ployed about the mines. No matter how 
the money value of a life is computed, 
whether on the basis of the gross value of 
the coal at the mines or the net profit rep- 
resented, the ratio is still a distressing one. 
Expressed in dollars and cents, the miner's 
life goes very cheap. 

A more encouraging view of the situa- 
tion is had by taking into account the 
steady improvement. Thus for England 
the Collzery Guardian, reviewing the rec- 
ords, asserts that “the occupation of the 
miner is now more than twice as safe as it 
was at the commencement of the inspec- 
tion.” For Pennsylvania, the Col/zery En- 
gineer Claims that “there isno doubt that 
two tons of coal are mined now per life 
lost in the mines to one ton mined before 
the mining law was passed.” For Ken- 
tucky, Inspector Norwood shows a reduc- 
tion of fatalities from one to every 330 per- 
sons employed underground in 1888 to one 
for every 405 in 1889 and one for every 604 
in 1890. 


AN interesting comparison between dan- 
gerous occupations has been made by the 
Colliery Engineer. Taking the statistics of 
the Inter-State Commerce Commission for 
the year ending June 30, 1890 (the latest 
available), it findsthat with 530,999 men em- 
ployed on the railways of the ‘Jnited States 
there were in that year 2451 fatal accidents, 
ora death rate of 4.615 per 1000, and 22,396 
non-fatal accidents, or 42 per 1000. These 
figures are placed alongside corresponding 
Statistics for the anthracite and bituminous 
coal mines of Pennsylvania,which show that 
with 183,604 men employed there were 524 
fatal accidents, or a death rate of 2.854 per 
1000, and 1388 non-fatal accidents, or 7.56 


per 1000, Summing up, it concludes, while 
disclaiming any intention of deprecating 
the well understood risks of mining, and 
insisting upon more careful management 
and better display of judgment on the part 
of the miner himself : 

‘*These figures speak very strongly. They 
tell us that a man employed about a railroad has 
{nearly} twice as much chance of being killed as 
a man about a Pennsylvania colliery, and the 
collieries of Pennsylvania are as fiery as any in 
the world. ‘They also show that if a man is li- 
able to be injured in a mine oncea year, his 
brother working on the railroad system of Amer- 
ica is equally liable to accident once every sev- 
enty-five days.” 

The Colliery Engineer very justly consid- 
ers it a duty to point out the mistaken pop- 
ular idea about the relative dangers of 
coal-mining as compared with those in 
other callings, in defense of a large army 
of officials, both inspectors and mine man- 
agers, who are striving to the best of their 
ability to combat these dangers and to 
master the many subjects allied to the 
theory of their profession; and remarks 
that in face of the newly discovered and 
hitherto unsuspected danger from coal 
dust they have a big job on hand. It adds 
a deserved tribute to the increased intelli- 
gence exhibited by the miners themselves, 
as shown by the decrease in the number of 
accidents in mines in recent years. 


MINE inspection and enforcement of 
law cannot do everything. Better ventila- 
tion, double means of egress, safety devices 
for hoisting machinery, and some other 
details, can be insisted on and secured ; 
but personal carelessness lies beyond reach 
of official remedies. There is a prevalent 
impression that (in coal mining) explosions 
are the accidents most to be dreaded. 
That this is not so, Mr. C. J. Norwood, State 
Inspector of Mines for Kentucky, took 
pains to point out in a masterly essay pub- 
lished in this magazine [Vol. II., No. 2, 
November, 1891] when he said: “More 
casualties, in the even course of [coal] 
mining are chargeable to falls of roof and 
of coal than perhaps to ail other causes 
combined.” In support of this statement, 
the percentages of different classes of ac- 
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cidents in Pennsylvania coal mines for six 
years ending in 1889 show: explosions, 
12.9 per cent. ; falls, 64.2 per cent.; other 
Causes, 22.8 per cent. But turning to the 
foreign statistics we find that while more 
than twice as many lives are lost by falling 
coal and caves as by explosions, the pro- 
portion of accidents from miscellaneous 
causes is about the same as those due to 
falls. In different localities the varying 
conditions of course alter the proportions 
of the several classes of casualties. 


IT would be important to ascertain, if it 
were possible, in just what proportion of 
accidents the existence or absence of 
official inspection has effect ; and still more 
so to be able to separate preventable acci- 
dents from those in which ordinary pru- 
dence and foresight seem unavailing. There 
is no way of getting at definite figures to 
throw light on these points. But while 
opinions differ somewhat and generaliza- 
tions are uncertain, because particular 
cases involve varying sets of conditions 
and must be judged separately, the general 
drift of expert opinion is toward classing 
the larger number as due to individual 
carelessness. If this view is correct, the 
responsibility is largely shifted from the 
inspectors and operators to the miners. 
The system of inspection may be sound 
and the inspectors vigilant and conscien- 
tious; the operators may provide the most 
approved equipment and work the mines 
by the most prudent methods—yet all this 
may not avail. As to whether the fatalities 
resulting from falls of roof and sides and 
of undercut coal, and accidents from vari- 
ious causes in the shafts, etc., are to be re- 
garded as generally avoidable, /rox thinks 
that “such accidents are essentially of a 
preventable nature and are almost always 


the consequence of carelessness or reckless- 


ness on the part of the men themselves; ” 
and in another connection that journal 
affirms that ‘ looking at these figures [the 
British statistics for 189i] generally, it may 
be safely said that if they prove anything 
at all, they demonstrate that our [British] 
miners hold their lives to avery great ex- 
tent in theirown hands.” Or, to put it in 
other words, in this direction mine inspec- 
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tion and operators’ precautions have done 
about all that can be expected of them. On 
the other hand Mr.Norwood,who is certainly 
good authority, says: “ Very many of the 
accidents due to falls of top are entirely 
unavoidable, owing to the treacherous 
character of the overlying shales.” This 
of course is a local irregularity, and “" 
Norwood goes on to say: “ But a large 
proportion of accidents caused by falls of 
top and of coal are due to procrastination 
in setting props and to a failure to support 
the overhanging block of coal when reach- 
ing under to extend the ‘mining.’” Ma- 
chine mining lessens this latter danger. 
Safety in the handling of explosives rests 
almost entirely with the men, though rules 
for blasting may have some effect. Ex- 
plosions of fire-damp might be rated as 
preventable (by thorough ventilation and 
avoidance of naked lights), were it not for 
the sudden inflows of gas which come with- 
out warning in mines supposed not to be 
fiery ; while the study of dust explosions 
has evolved enough plans for prevention, 
one would suppose, to bring them under 
control in one way or another. Apart from 
accidents proper, the insidious and cumu- 
lative injury caused by breathing air un- 
duly charged with carbonic acid is some- 
thing to be guarded against, now that 
attention is being directed to its impor- 
tance. This affects the physical condition 
and the general death rate of the coal- 
mining communities, but is not susceptible 
to statistical analysis. 


IN a recent issue of the Eugzneertng and 
Mining Journal Dr. R. W. Raymond very 
pertinently asks: 

‘* Are great catastrophes more frequent and 
more terrible in this generation than in any pre- 
ceding one, or is it merely because we hear of 
disasters in all parts of the world so quickly and 
so fully through the telegraph and the press, that 
every morning’s paper brings us a catalogue of 
horrors ?” 

Answering his own question, Dr. Ray- 
mond observes that undoubtedly there is 
much truth in the latter proposition. As he 
says, “ we thrill with pity over the victims of 
the day before in China, in Mauritius, or in 
distant parts of our own wide land, the far- 
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thest corner of which is brought nearer to 
us than Philadelphia was to New York 
within the lifetime of men yet living.” 
But further he calls attention to a peculiar 
class of dangers, created by our modern 
improvements, and to a large extent ig- 
nored by our people, until ruin and death 
enforce too late the lesson of pru- 
dence: 


‘* To this class belong our mining operations, 
which are steadily increasing both in the depth 
of the mines and in the number of the workmen 
exposed in each mine to various dangers. * * * 
This theme * * * deservesnot one, but many, 
separate articles, enforcing the all-important 
truth that the methods and precautions which 
suffice for small and shallow mines are not 
enough for deeper and larger ones. The recent 
disaster at Przibram is an awful warning of the 
danger of erecting, even under the most skillful 
direction and careful inspection, a vast structure 
of underground timbering, so open throughout 
that, once kindled, it will burn like the fuel in a 
gigantic stove.” 


The factor of depth is more important in 
metalliferous mining than in coal mining, 
but it applies also to the latter in a certain 
degree, as new and deeper seams are 
opened and old mines are extended on the 
dip. Accidents in metal mining (which 
will not be discussed now) in part differ in 
character from those in coal-mining, and 
on the whole are less destructive to life. 
But the point is well taken that, for both 
kinds of mining, the heavier production 
and larger scale of operations with the at- 
tendant increase in the working force, in 
individual mining enterprises, at the pres- 
ent day vastly augment the dangers from 
wholesale catastrophes in single cases. 
That there are not more of them, and 
worse ones, is all the more credit to both 
officials and miners, the efficacy of whose 
skill and preventive measures certainly 
more than keeps pace with the constantly 
growing difficulties. 


AMONG the suggestions evoked by the 
recent disaster on Oil Creek, Pa., is a de- 
mand that the petroleum tanks should be 
buried. This might not wholly do away 
with the risk, but would certainly lessen 
it. The plan has been broached before, 
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but its revival is timely now while the 
effect of the late calamity is still fresh in 
the public mind. Not only in the oil-pro- 
ducing regions, but wherever petroleum is 
stored and refined, does danger attend the 
storage of this highly inflammable sub- 
stance in tanks placed in positions from 
which leakage, collapse of the tanks or 
supports, and fires however originated, 
may in a moment send forth a flood of oil 
that, if not already ignited, is liable to 
catch fire on the least provocation. Water 
does not stop it, but acts as a carrier to 
spread the conflagration, and ordinary 
means of fire-extinguishing are unavailing. 
It has been pointed out that the storage of 
quantities of petroleum in high tanks along 
the water fronts of the larger cities is 
an ever-present menace to the shipping. 
wharves and buildings; and it is possible 
to conceive of a more appalling disaster 
than that of Oil City and Titusville being 
occasioned in this way without warning. 
The idea that lightning has an “affinity” 
for petroleum, which has received a cer- 
tain currency of late, is of course absurd ; 
but the iron of the tans surely does pres- 
ent an attractive mark for lightning. There 
are however enough other modes in which 
ignition is likely to happen to render the 
danger an imminent one. 

To place the tanks underground would 
involve a large additional outlay in con- 
struction and also increase running ex- 
penses for pumping in handling the oil. It 
would be asking a great deal to require the 
oil companies to reconstruct their present 
tank systems, though prudence might dic- 
tate even this in extreme cases ; but some- 
thing might at least be done to check their 
future extension in places where danger 
threatens surrounding life and property. 
In the open country and in situations where 
accidents to the tanks would not endanger 
the neighborhood, high tanks would still 
be built, being preferable on the score of 
economy and convenience. It would be 
easy to determine where sunken reservoirs 
would be better. If it is going too far to 
invoke the aid of law, the insurance un- 
derwriters by concerted action in regard to 
this kind of exposure could perhaps bring 
about a change, where most required. 
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Conducted by Albert D. Pentz. 


N engine lathe fitted with an inside 

face plate will be found to be a val- 

uable accessory in every shop where much 
tool work isto be done. Take the ordi- 
nary large tace plate of the lathe ; make a 
cast-iron disk the same size as that face 
plate and about 5 per cent. of the di- 
ameter in thickness—that is, one inch 
thick to twenty inches in diameter—and 
carefully drill three or four holes at reg- 
ular intervals through both near the cir- 
cumference, they being clamped together 
for this purpose. -Into these holes in the 
face plate fit studs, or posts, to extend out- 
ward perhaps eight inches on their bodies 
in addition to the shanks that are fitted to 
this plate. These shanks may be one 
inch in diameter, long enough to pass 
through the plate and be fastened behind 
by nutsand washers. The body of the 
studs may be two inches in diameter and 
they must be drilled and tapped in the 
outer ends, These studs on their outer ends 
must be faced carefully in position, so that 
the inner face of the disk shall run dead 
true when it is fastened in place. This 
disk is secured to the studs by carefully 
fitted cap screws and dowel pins and its 
circumference isturned to exact truth after 
it is attached to place. Then, in the mid- 
dle of this disk a suitably-sized hole is to be 
bored to work through. Within this inside 
face plate all manner of boring and facing 
operations may be done. The work may 
partly be attached to the original face plate, 
to the disk, an intermediate angle plate, or 
all ofthese. The saving in time of rigging 


‘up, and the rigidity of hold will be found to 


be great and will be appreciated by both 
the workman and the manager. With this 
fixture there seldom is need of the angle 
plate and when a counterweight is needed 
it can be attached precisely where it will 
do its work best. 


COMMENTING on the fact that an ad- 


vertisement for a boy wanted in an office 
at $2.50 per week was answered by a hun- 
dred letters, the editor of a trade journal 
who should know better asks “ Why is 
this?” and then answers himself that it is 
because members of trade-unions will not 
teach any more boys their trades and asa 
consequence they are all driven to other 
means of support. It is true that trade- 
unions do not want to increase largely the 
number of mechanics because their ranks 
now are so full that a large percentage of 
skilled workmen cannot get work to do at 
all, and many others not at living wages. 
Therefore they seek to preserve their 
means of livelihood from further destruct- 
ive competition as far as possible. This 
wrong is not connected with these unions 
to a greater degree than it is with owners 
of trade journals, with railroad corpora- 
tions, or with any other business or associa- 
tion of men. Suppose it should be de- 
manded of that editor and newspaper 
owner that he should instruct parties who 
propose to compete with him at once in 
every detail of his business, both in the 
counting-room and on the editorial desk. 
Would hedo it? Would the railroad com- 
pany gratuitously assist a parallel line to 
equip? No! These questions indicate the 
reasons why boys are not more generally 
taught trades by the members of unions. 
Of course it is ali wrong, but is it a greater 
wrong in the machine-shop than else- 
where ? 


A LITTLE clear study will convince 
every engineer that diametral pitch is 
the best theoretical as well as the sim- 
plest practical scheme for calculating the 
sizes of gears. It is obvious that circum- 
ferential pitch is only another term for 
the diametral pitch because the ratio 
3.1416 between these two elements of the 
circle is aconstant. What is usually called 
the circular pitch, however, if it is not pro- 
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portionate to diametral pitch, is the chordal 
pitch, because it is usually laid out asa poly- 
gon within the pitch-line by the dividers. 
This is ordinarily the most practical 
method to indicate the distance between 
teeth for pattern-makers who do not, as a 
rule, have mechanical means for spacing 
the circle proportionately to the length 
of its circumference; and they are thus 
obliged to inscribe within the pitch-line a 
polygon with double as many sides as the 
number of teeth they require. The fact in 
relation to diametrical pitch that disturbs 
a person taking a superficial view of the 
pitch problem, is that a space or tooth on 
a diametral pinion having eight teeth has 
achord about .025 shorter than a corre- 
sponding chord on a gear of the same 
pitch which has one hundred teeth; and 
gears having cther numbers of teeth vary 
in a proportionate degree. This at first 
looks as if the action of that pinion with 
eight teeth in that gear with one hundred 
teeth would be decidedly bad. But it must 
be borne in mind that gear wheels should 
not move differentially as polygons but 
regularly as circles. The pitch-lines of 
two meshed gears are in actual materéal 
contact but an instant of motion as each 
tooth of one gear passes through one of 
the spaces in the other. Consequently 
they are not more the driving points than 
other contiguous points of the blades of 
the teeth. Again, the chord of the pitch- 
line of the immeshed tooth can never be 
coincident with the chord of the pitch- 
line of the space it occupies. Hence the 
pitch-chord of a tooth cannot be an item 
of any importance in designing it. The 
whole matter is made clear when it is 
stated that the driven wheel must move 
with as regular a motion as the driver has, 
that is, the pitch-line in each must move 
forward an equal number of the same 
units of motion in each unit of time; and 
the blades of the teeth on each gear should 
be so shaped that they acting on the pitch- 
line of the teeth in the other gear shall give 
that result. This necessitates that the 
length of the the pitch-line should always 
be exactly proportionate to the quantity of 
teeth so that the pitch-arc in each tooth 
and space shall be of the same length in 
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one gear of the same pitch as in another. 
Hence, the pitch-line beinga circle, it fol- 
lows that the quantity of teeth will also be 
proportionate to the length of the diame- 
ter if they are proportionate to the length 
of the circumference. 


SOMETIMES an improved means super- 
sedes an old practice, part of which old 
practice is superior to the ‘corresponding 
part of the new one. Thus the use of 
emery cloth has largely superseded the use 
of the pointed pine stick charged with oil 
and emery for lathe polishing because 
iron and steel, because the emery cloth 
is handier. Now while this emery cloth is 
an admirable help in lathe polishing, it has 
limits and defects. Its limits are the im- 
practicability of operating it within sharp 
angles, or deep within any angle—and 
the tendency to brighten high eleva- 
tions to a greater degree than lower 
ones. Its defects are its tendency to scour 
off sharp corners, to remove too much 
material by abrasion where it should only 
burnish; and by filling up with metal and 
scratching the work. Added to these is 
the temptation to the workman to neglect 
to finish with oil and thus invite rust. 
With the old-fashioned soft pine stick 
dipped in mixed oil and emery, and served 
vigorously with elbow grease and a reason- 
able speed, a polish can be got that cannot 
be approached either for color or for uni- 
formity by the use of emery cloth. 


JOHN RUSKIN may bea great authority 
in architecture and the scenic arts, but he 
seems to take a narrow view of progress. 
It is true, as he asserts, that there is con- 
siderable misery apparent among the class 
of persons who live by writing begging- 
letters, and I believe such misery to bea 
fact real and grievous. Furthermore I 
admit that the tendencies of progress are 
such as to increase the misery these per- 
sons suffer, and will so augment them that 
they must either starve or seek work. 
Modern society is rapidly outgrowing a 
toleration of the petty courts that rich men 
once gathered about their persons and resi- 
dences; so that many professional hench- 
men, retainers, hangers-on, diners-out, and 
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others who have the instincts of servants 
and the manners of snobs have now no 
regular places to feed or patrons to clothe 
them. Tothis class may be added persons 
and families whose traditions and teachings 
forbid them to work, but who must be fed 
and clothed. Now one of the habits com- 
mon to all the persons indicated above, 
whose pride and inclinations forbid them 
to labor and whose circumstances do not 
afford them the means to live, is that of 
begging by lettar. These facts do not indi- 
cate that the conditions of life are worse in 
the main than before, but that one class of 
persons is being evolved out of existence 
by the industrial trend of present progress. 
On the whole it is a hopeful expression 
indicating the high level toward which 
civilization is rising. 


Ir a machinist be given the remnant of 
a broken gear that contains the hub and 
two teeth only, he should be able to deter- 
mine every element of the whole wheel. 
The pitch (diametral) may be found very 
easily by one of three methods: First, if the 
gear be properly made the thickness of the 
point of a tooth will indicate the pitch. 
Thus an 8 P. tooth is or should be very 
close, one-eighth of an inch thick at the 
point; and other pitches of correctly 
made gears obey the same rule of the 
comparative equality of their points to the 
signatures of their pitches. Hence those 
fractions of the whole _ circumference 
which remain on the points of all the 
teeth of a gear, after it is cut, would if 
added together approximately equal in 
length the pitch diameter. Second, the 
depth of the space from the circumference 
in a gear is or should be about 2.16 of 
the pitch, thus a 1o P. gear will have 
spaces about 2.16 inches deep anda 6 P. 
about 3.6 inches deep. Divide 2.16 by the 


“full depth of the space in inches and the 


result should approximately be the pitch. 
Third and most reliable method, measure 
a chord from the side of one tooth, across 
that tooth and across the space to a cor- 
responding point on the next tooth,on the 
pitch-line as nearly as can be guessed, 
and one-third of this chord will be ap- 
proximately the diametral pitch. A frac- 
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tional pitch is not used as a rule ex- 
cept with very coarse teeth; and there- 
fore when the approximate pitch is found 
the true pitch can be determined with prac- 
tical certainty. Thus with the first rule, 
the point of a tooth may be consider- 
ably less than .12” or more than .13” 
and there should be no reasonable doubt 
that in either case the gear is 8 P. 
Therefore, with the second rule, the space 
may be anywhere between .21” and .225” 
and always indicate 10 P. And hence with 
the third rule, the length of the chord may 
be between .49” and .53” and the inspector 
may be positive that it is 6 P. and not 5% 
P. nor 6% P. When, therefore, in the 
case of the broken fragment of a gear, the 
pitch is thus obtained, then all that is 
problematical is found. If the hub is 
present the radius can easily be got, and 
when both the radius and the pitch are 
known the getting of the diameter and 
whole number of teeth are of the simplest 
kind of problems. 


THE designer of tools must be correct in 
his deductions or his work is a failure. In 
no department of human industry is it so 
necessary to be right as in the initial 
creation of pieces of metal that are to be 
assembled together as a machine to do a 
specific operation. In an essay, or an ar- 
gument, it is only necessary to convince 
the reasoning faculties of an audience or 
an individual that theories are right ; or 
the better ones. This is also true of the 
drawings for machinery, which often will 
satisfy the most critical of inspectors while 
the machine made from them may abso- 
lutely fail to operate, and in itself will con- 
vict both the designer and the critic. 
A machine either works as designed or 
fails, as a fact; logic cannot help it. 
The difficulties, however, do not exculpate 
the engineer who attempts to design a tool 
and fails. His failure is just as much a 
black eye for a new creation as for the 
adaptation of a well-known device for a 
new use so similar to the old one that 
there are but few chances in the problem 
for the design to fail. The designer must 
question mentally until the thing thinks 
out clear, Then he must question on paper 
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until it looks clear, and finally he must ex- 
periment in some shape until it actually is 
clear. Every mechanical problem a man 
works out helps him on each succeeding 
one; but the problems that the other man 
works out do not help in the same degree, 
and many problems personally worked out 
is what is meant by practice. Knowledge 
of mathematics is a necessary item in a 
designer's equipment, but it must be so 
placed in his mind that it can readily be 
applied to practical problems of phases 
differing from those used as illustrations at 
school. I know men who are good mathe- 
maticians provided they are not deployed 
from problems similar to those in their 
text-books ; but when they are required to 
make new applications of their knowledge 
or materially to modify it to suit an ab- 
Struse problem, they are helpless as the 
first schoolboy in this item: He, being 
asked “ Six girls times six oranges are how 
many of which?” answered “ Er-thirty-six 
girls—er-er-oh-” “ Next boy!” “ Thirty- 
six oranges if the six girls hadn’t et any of 
‘em.” There was the timber for an engi- 
neer in that last boy. 


DE GREE recently attended the com- 
mencement exercises of the school that 
graduated him. Onsecuring an interview 
with a professor who had taken an inter- 
est in him during his school years, he ex- 
plained his difficulties in practical experi- 
ence and asked advice, thus: 

“You see, professor, it was the next May 
after I left here before I got a chance of 
any kind, and father had become so impa- 
tient that he was about to put me on the 
road as a brakeman when [ got an intro- 
duction to Mr. Blunt and went to work for 
him at 12 cents an hour, beginning at 7 A. 
M. and stopping at 6 P.M. At the end of 
a year I had the princely salary of fifty dol- 
lars a month, and Mr. Blunt kept me hard 
at work calculating sections and areas to 
withstand stated strains and to hold stated 
contents, drawing harmonious outlines, 
and in everything figuring out the last 
ounce of superfluous metal, to his order. 
But when I make a suggestion to convince 
him that I am not a blockhead, he sits 
down on me so hard that I am often 
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tempted to resign and try to get a more 
congenial place.” 

“You have been there more than four 
years. Does he not give you more than 
the sum you mentioned now?” 

« Oh, yes, I get a $100 a month now.” 

“Do you not have any title or position ? 
I have heard you were his manager.” 

“T carry out his instructions but if I at- 
tempt to do any actual management he 
lays me out.” 

“My dear boy, you have a very busy 
father and a very indulgent mother, so 
that you have been getting your first taste 
of what American boys are most in need 
of—discipline. Now, if you can per- 
suade Mr. Blunt to take my boy Fred. who 
is just graduated, and make a man of him 
you will do me a greater favorthan I have 
ever been able to do for you.” 


THE true inventor has no regard for 
dogma ; he believes he sees light ahead 
and moves toward it. It may be that what 
he sees is an ignis fatuus or a chimera, 
but he insists on discovering that for him- 
self and he is satisfied with no theories. I 
recently talked with a perpetual-motion 
man and tried to dissuade him, being con- 
fident it would be easy to convince so in- 
telligent a person that his scheme was not 
possible. But he rose above my dogmas 
in an instant by showing that the whole 
solar system is a perpetual-motion device, 
moving without assignable cause and not 
varying an instant of comparative time 
within the period of its recorded history. 
I thought of Galileo, and stopped. 


IF you will examine a polished cast iron 
surface with a strong glass you will notice 
that it has not a continuous metallic ap- 
pearance; it will look like a web of bright 
metal filled in with a darker gray substance. 
This darker filling may be partly graphite 
and partly iron in an imperfectly metallic 
state. Now it is supposed, in soldering to 
a surface of this kind, that the molten metal 
will adhere to only the skeleton of bright 
iron and have no union whatever with 
the filling, and that this diminished sur- 
face makes the soldering difficult and 
makes the joint weak after it is soldered. 


+ 
- 


The Cape Hatteras Problem. 


the July number of this magazine 
Captain J. W. Walters has set forth 
very clearly some of the difficulties in the 
way of erecting a lighthouse on the shift- 
ing sand reefs off Cape Hatteras, and has 
proposed a plan for carrying out the pro- 
ject. Although the “ Dutch have captured 
Holland” with willow mattresses, it would 
be by no means safe to predict that similar 
structures would withstand the effect of 
wave action at the Diamond Shoal reef. 
Captain Walters is eminently correct in 
his views as to the value of a breakwater 
for the protection of the plant and founda- 
tion during construction, and the impor- 
tant uses to which brush mattresses may 
be put in submarine structure, but to at- 
tempt the construction of the entire break- 
water of such material would be attended 
witha risk that few engineers familiar with 
such construction would care to take. 

In planning structures to withstand the 
forces of the sea, it must be borne in mind 
that ocean waves on entering shallow 
water become waves of translation and 
strike any obstruction in their way with 
tremendous force. Experiments made at 
various places show this striking force to 
be from one to three-and-a-half tons per 
square foot of exposed surface. Off Cape 
Hatteras it would be at least two tons per 
square foot, or a total pressure of more 
than the specific weight of the structure. 
In 1873, during a violent storm at Wick, 
Scotland, the waves removed a monolithic 
mass of concrete, weighing 2600 tons, from 
its position in the breakwater, and carried 


‘it to the leeward of the works. When we 


consider that brush-work would not have 
one-tenth the specific weight of a coacrete 
wall it is very evident that such a structure 
would not resist such forces, even during a 
moderate storm. 

Captain Walters’s brush cribs for his 
breakwater would be approximately 125 
feet long, 75 feet wide, and 30 feet high, 
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each of which he expects would, with its 
own buoyancy, carry about 533 tons of bal- 
last without sinking. Half that amonnt 
of ballast would sink the crib as soon as 
the brush became watersoaked. Another 
serious drawback to the chances of perma- 
nency for such a structure would be the 
destructive action of the teredo, which in 
a few months would so eat away the wood 
of every stick of brush that the upper 
works of the cribs would go to pieces from 
the outward pressure of the ballast. At 
the mouths of sediment-bearing streams 
mattress-work silts up so rapidly that the 
teredo can do but little damage, but in the 
open sea such action is not sufficiently rapid 
to prevent the worm from destroying the 
works. 

It is to be hoped that before another at- 
tempt is made to carry out this project the 
Lighthouse Board will cause a thorough 
examination to be made of the physical 
characteristics of the location. It may be 
argued that the competing contractors 
should make their own examinations, but 
that seems hardly just, for then only the 
successful bidder would get any return for 
the labor and expense, whereas if the ex- 
amination is made by the Government only 
one is necessary and serves for all who may 


care to bid. GEORGE Y. WISNER. 
Detroit, July 6, 1892, 


“Truth Seeker” and ‘A Southern En- 
gineer.” 


IN the June number of this magazine 
“Truth Seeker” runs counter to me on the 
question of the discharge over Niagara, 
and also on Mississippi navigation. I will 
answer him on both points, and at the 
same time pay my respects to “ A South- 
ern Engineer,” who writes of ‘ Impend- 
ing Disaster on the Mississippi.” The 
depth of Niagara at the crest of the Horse- 
shoe Fall was sounded in 1827 by the ship 
Michigan, when she went over, measuring 
twenty feet at that point. It may be less 
or more elsewhere. I think it would not 
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be impossible to take soundings all over 
the crest and would like to undertake the 
contract. ‘Truth Seeker” makes the 
discharge more than I do; most authori- 
ties make it less. My point was that the 
abstraction of a large body of water at 
Chicago from Lake Michigan would pro- 
duce a sensible effect upon the flow over 
the Niagara crest, and “Truth Seeker” 
does not contravene that statement. 

With regard to the point which * Truth. 
Seeker” makes of the coincidence of a 
“tear” in the Mississippi at the time of 
the publication of my article, he would 
argue that it was best to let it have its 
fling. I think the American people will 
paraphrase Solomon and say, “Go to the 
beaver, thou sluggard, and dam it up 
again.” 

It may be just as well that an exception- 
ally rainy season should occur at the time 
when this question is being driven home 
upon the public mind and public purse. 
Americans do not scare by wet weather like 
the ancients by signs in the heavens. They 
will, however, realize still more forcibly the 
necessity of building their fluvial improve- 


ments on the Mississippi “ from the mouth 


to the source” rather than “from the 
source to the mouth ’’— by this is meant 
an order not of time but of system. 
Whatever the Government does at the 
final outlet should be done with regard to 
the future rectification of the whole chan- 
nel and its effect upon flood level. There 
will be causes tending both to elevate 
and to depress that level in the system of 
rectification. Then also they must take 
into account the effect of denudation of 
the forests. If the natural “ sponge” of 
this country is allowed to be removed in 
order to get cheap lumber, the water will 
flow down as it does in India, and a speedy 
devastation of the valleys will take the place 
of the magnificent fluvial civilization ex- 
tending from the lakesto the Gulf. One 
generation has no right to deprive the next 
of the means of livelihood. 

At the beginning of June Bradstreet’s 
gave the aggregate loss as $32,000,000 and 
records showed that 15,000 families were 
left destitute. This loss does not represent 
an extraordinary disaster, but what may 
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be expected to come with increasing 
frequency and augmented horror. “Truth 
Seeker” talks of the $8,000,000 spent on 
the Mississippi outlet and adds that the 
United States is not made of money; but 
why should the unfortunate people who 
live onthe “Great American Bottom ” have 
to lose $32,000,000 and bear all the misery 
when they are united for better and for 
worse to the whole empire ? 

The remedy proposed by “a Southern 
Engineer” is an attempt to improve the 
stream for navigation by removing the 
bends which cause great deviations in 
transit and at the same time to furnish 
overflow channels by means of the bayous. 
His plan is founded on the idea that the 
current of a river loses its scouring force 
by the elevation of its banks and so he 
condemns in a wholesale manner the build- 
ing of dikes as “ rudimentary engineering.” 
But the foundation of his argument is in- 
correct. It is doubtless the fact that the 
elevation of the banks of a river is found 
accompanied by the raising of its bed 
and consequently the reduction of its 
scouring force, but this raisin of the banks 
has not raised the bed; it is the raising of 
the bed which has entailed the raising of 


‘the banks in order to prevent inundation. 


But what has raised the bed? It is an 
action which is known as “ retrogression 
of levels” or it might perhaps be better 
termed “the degradation of bed.” Here I 
would explain that in my allusion to 
rectification as the replacing of sharp 
corners by easy curves, I did not mean a 
process such as “ A Southern Engineer” 
recommends of making artificial “ cut-offs,” 
but only of smoothing the asperities of the 
concave sides of the bends by easier curves 
protected by fascines and similar methods 
of training to prevent erosion. It is the 
cut-offs which the Mississippi has made 
for itself during floods, leaving all manner 
of annular lakes which have produced the 
retrogression of levels entailing the raising 
of banks. To use electrical language, the 
river “short-circuits” itself carrying a 
great mass of material to be deposited 
lower down. Wherever a stream has an 
abnormal hydraulic gradient it takes up a 
mass of material where it is valuable, and 
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deposits it where it is detrimental,thus en- 
tailing the building of banks at the lower 
reaches. The objective point in rectifica- 
tion is the hydraulic gradient or bed of the 
stream. Whena slope has been obtained 
of such uniformity that the river will not 
keep on robbing Peter to pay Paul, the 
river will take care of itself. 

The upper reach being at a gradient 
capable of producing erosion, makes the 
lower reach at a flatter zradient into a silt- 
ing basin, until the dikes have to be raised. 
The dikes do not cause the loss of scour- 
ing force, but the scouring and consequent 
silting lower down require the banks to be 
raised. There is of course a further eleva- 
tion of adjacent lands which was demon- 
strated as early as 1853 by Charles Ellet. 
This is due to deposit of silt during over- 
flow. The first thing that appears advis- 
able for treating the problem as a whole, is 
the construction of working models of the 
whole river such as were first employed by 
Professor Osborne Reynolds, for the an- 
alysis of tidal action on the Mersey. The 
results of these experiments were described 
in the May number of THE ENGINEERING 
MAGAZINE, 

The Mississippi has received the study of 
the best engineers, especially during floods, 
and the result has been to show the small 
value of relief channels or reservoirs in 
the bayous. Outlets to the Gulf below 
Red river may be found necessary but 
the main principle for the improvement of 
the wholeriveris to obtain such a uniform- 
ity of gradient that as little as possible of 
Uncle Sam’s territory will be stolen by the 
“Father of Waters” and that what is 
stolen will be carried through to the Gulf 
where it can do no harm. 

The Mississippi is a vast aggregation of 


COMMENT AND CRITICISM. 


problems, but they all demand solution 
under one simple law, not primarily in 
order to produce deep-water navigation, 
but to prevent the river from continuing 
its process of self-destruction and devas- 
tation of the adjacent country. It cannot 
be treated tender-handed or it will laugh 
at the puny fetters that seek to bind it, 
but it may be mastered at far less cost 
than the loss which it will produce if let 
alone, and its proper treatment for the 
purpose of self-preservation will at the 
same time make it into an ocean highway 
from New Orleans to Chicago. 
T. GRAHAM GRIBBLE, 
Chicago, June 2, 1892. 


A Protest Against Cremation. 


I AM surprised to see THE ENGINEERING 
MAGAZINE give place to a profusely illus- 
trated article on Cremation. Cremation is 
simply the revival of a pagan custom con- 
demned long since by the Church of God. 
“All men shall rise again zz ther own 
bodies.” The veneration of the remains of 
the dead rests to a great extent on the belief 
in the resurrection. This is particularly 
true of the usage of burial, which from the 
earliest ages of the Church took the place: 
of the pagan custom ofcremation. Thisis 
manifest from the existence of Christian 
cemeteries (resting-places of the dead) and 
from the testimony of the fathers who de- 
fend the Christian usage of burial as the 
older and better manner of disposing of 
the dead. Hence the Holy Catholic 
Church in our day has justly declared cre- 
mation to be unlawful. 

RUSSELL THAYER, 
M. Am. Soc. C. E. 


Philadelphia, July 3, 1892. 
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+5161. The Nicaragua Canal. I. Ill. Geo. 


W. Davis (J F I-July.) 6300 w. 

*5202. Note sur la Recherche du Moment 
Fléchissant Maximum et Maximorum Produit- 
- le Passage d’un Convoi sur une Poutre a 

eux Appuis Simples. Ill. Bedaux (G C-June 
25.) 1000 w. 

*s210. The Vyrnwy Aqueduct. II, Ill, (E- 
June 24.) 4000 w. 

*5251. Avant-Projet d’Une Voute en Macon- 
nerie de 100 Métres de Portée. Ill, C, Tour- 
tay (G C-June 18.) 3000 w. 

*5252. Enfoncement de Pieux pour le Pont 


749 


de Bio-Bio (Chili), Ill. T. C. H. (Ibid.) r250w. 

5255. Street Pavements in American Cities. 
Ill. (E N- July 7.) 3500 w. 

+5318. The Practical Projection and Con- 
struction of Maps. Ill. Jacques W. Redway 
(Misc.) 7500 w. 

+5319. Recent Experiments on the Flow of 
Water Over Weirs. Ill. M. Bazin (Misc.) 
3500 w. 

*5329. Theoretical Strength of 
L. L. K. (E-July 1.) 2000 w., 

*5345. The Roads of Dunfermline, Scotland. 
Ill. James D. Reid (G R-Ju'y.) 3000 w. 

*5346. Specifications for Laying an Asphalt 
Pavement, on Concrete. Foundation. Ill. 
(Ibid.) 2200 w. 

5357. Removal of a Masonry Pier at Stettin, 
Germany. Ill. (E N-July 14.) 600 w. 


ELECTRICAL MISCELLANY. 

4859. Theoretical Elements of Electro-Dyna- 
mic Machinery. VI. Ill. A. E. Kennelly 
(E EN Y-June 15.) 1800 w. 

4860. Electro-Technical Education. 
Owens (Ibid.) w. 

4861. The Technical Education of the Elec- 
trical Engineer. Dugald C. Jackson (Ibid.) 
1900 w. 

4869. Electro-Medication. 
(E R N Y-June 18.) 1000 w. 

4871. Some Views of Central Station Work. 
XIV. Ill. T. Carpenter Smith (Misc.) 1850 w. 

4872. Electric Pipe ending. Ill. (E W- 
June 18.) 1150 w. 

*4873. Dynamo-Volant Systéme Patin. 
E. Meylan (El P-June 4.) 1200 w. 

*4874. Le Compteur Horaire Aubert. 
A. Palaz (Ibid.) 2000 w. 

*4928. The Use of Water-Power for Electri- 
cal Purposes. I. Ill, Norman F, Wilson (El- 
June 10.) 2000 w. 

*4929. Applications Industrielles de l’Elec- 
tricité. II. (Misc.) 3400 w. 

*4939. The Current that Kills. 
June 10.) 1700 w. 

*4944. Meters for Recording the Consump- 
tion of Electrical _— I. Ill. Charles 
_ Wordingham (E E L-June 10.) 5000 w. 

*4945. Niagara and Electricity. George 
Forbes (Ibid.) 1600 w. 

*4971. Application de l’Avertisseur Universel 
Systéme Digeon au Service d 'Incendie de la Ville 
de Paris. Ill. J. A. Montpellier (El P-June 11.) 
2600 w. 

*4972. Eau, Lumiére, et ForceMotrice 4 Lyon 
(Ibid.) 3000 w. 

4975. The Magnetic Permeability of Special 
Irons for Electrical Purposes. Ill. Milton E. 
Thompson, Percy H. Knight, and Geo. W. 
Bacon (E W-June 25.) 1900 w. 

4980. Dr. Jacques’ Experiment on the Na- 
ture of the Electric Current. Townsend Wol- 
cott (E E N Y-June 22.) 650 w. 

4982. What an Electrical Dictionary Might 
Be. Park Benjamin (Ibid.) 1g00 w. 


Beams. 


R. B. 


E. W. Murray 


Ill. 


Ill. 
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4983. Plotting Characteristic and Other 
Curves. Ill. Robert S. Dobbie (Ibid.) 450 w. 


4985. Theoretical Elements of Dynamo- 
Electric Machinery. VII. Ill. A. E. Ken- 
nelly (Ibid.) 1200 w. 

4988. Some Views of Central Station Work. 
XV. Ill. T. Carpenter Smith (Misc.) 2000 w. 

*4992. Grue Tournaute Electrique du Port 
de Hambourg. Ill. T. C. H. (G C-June 11.) 
goo w. 

4999. Ampéremeters and Voltmeters, and 
Their Uses, Ill, Frank Kitton (E A-June 25.) 
1500 w. 

5016. Electric Companies should Economize 
Waste Products. I. H. Babcock (W E-June 25.) 
II00 w. 


+5025. The Gramme Machine. V._ 
A. Ewbank (I E-May 21.) 2200 w. 

*s5051. Traitement Géomeétrique des Prob- 
lémes Concernant les Courants Alternatifs. 
W. Cam. Rechniewski (El P-June 18.) 1400 w. 

5056. Some Views of Central Station Work. 
Ill. XVI. T. Carpenter Smith (Misc.) 2000 w. 


5061. A Reply to the Attack on Multiphase 
Current Systems. M. von Dolivo-Dobrowolsky 
(E W-July 2.) 1300 w. 

5062. A Dynamo Indicator or Instantaneous 
Curve-Writing Voltmeter. Ill. Geo. S. Moler 
(Ibid.) 1400 w. 

5063. Notes on Wiping Contact Methods for 
Current and Potential Measurement. Ill. Benj. 
F. Thomas (Ibid.) 1300 w. 

5064. Efficiency of the Lauffen-Frankfort 
Power Transmission Plant. Ill. Carl Hering 
(Ibid.) 1000 w. 

*5081. Sur les Canalisations de l'Electricité. 
M. Géraldy (Misc.) 1800 w. 

*s5105. The Use of Water-Power for Elec- 
trical Purposes. Ill. II. Norman F. Wilson 
(El-June 17.) 1500 w. 

*5106. Magnetic Properties of Liquid Oxy- 
gen and Air. Prof. Dewar (Ibid.) 1500 w. 

*5107. On the Changes Produced by Mag- 
netization in the Length of Iron and Other 
Wires Carrying Currents, Shelford Bidwell 
(Ibid.) 1150 w. 

5113. ‘‘T.-H.”; or Among the Dynamo 
Builders of Lynn. Ill. A. C. Shaw (E E N Y- 
June 29.) 8000 w. 

*5116. Meters for Recording the Consump- 
tion of Electrical Energy. II. Charles Henry 
Wordingham ( E E L-June 17.) 3600 w. 

*s117. On the Measurement of the Magnetic 
Properties of Iron, Thomas Gray (Ibid.) 700 w. 

*5118. The Intensity of the Radiation of Gas 
Under the Influence of Electrical Discharge. 
Editorial (E R L-June 17.) 800 w. 

*s11g. The Calculation of the Section of 
Feeders Supplying Centres with Constant Poten- 
tial. (Ibid.) 1000 w. 

*5123. Electrostatic Alternators. Ill. T. H. 
Muras (Ibid.) 2100 w. 

*5145. Inductor Alternators. Ill. Elihu 
Thomson (E R L-June 24.) 600 w. 

*s5154. The Use of Water-Power for Electri- 
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cal Purposes. III. Ill. Norman F. Wilson 
(El-June 24.) 1400 w. 

+5164. Effect of External Magnetic Distur- 
bances on Weston Instruments. Ill. Clayton 
W. Pike (J F I-July.) 800 w. 

+5165. The Physiological Effects of Alterna- 
ting Currents of High Frequency. Edwin J. 
Houston (Ibid.) 1100 w. 

+5166. A Graphic Representation of the 
Magnetic Field. Ill. Edwin J. Houston. (Ibid.) 
2100 w. 

*5167. Meters for Recording the Consump- 
tion of Electrical Energy. III. Ill. Charles 
Henry Wordingham (E E L-June 24.) 4500 w. 

5168. Some Views of Central Station Work. 
XVII. Ill. T. Carpenter Smith (Misc.) 2400 w. 

5172. Safe Wiring. A. B. Smith(E RN Y- 
July g.) 750 w. 

5175. Whatan Electrical Dictionary Might 
Be. Edwin J. Houston (E E N Y-July 6.) 
1500 w. 

5176. Tanning by Electricity in Paris. III. 
(Ibid.) 500 w. 

5177. Theoretical Elements of Electro- 
Dynamic Machinery. Ill. VIII. A. E. Ken- 
nelly (Ibid.) 2000 w. 

5180. Whose ‘‘ New Three-Wire System” Is 
It? Elihu Thomson (Ibid.) 800 w. 

*sigt. Sur la Propagation des Oscillations 
Electriques. H. Poincaré (M I-June 21.) 
1400 w. 

*5204. La Reproduction Photographique des 
Fantomes Magnétiques. Ill. (El P-June 25.) 
550 w. 

5222, Notes on the Theory of the Trans- 
former. Henry A. Rowland (E W-July 9.) 
1400 w. 

5226. CentralStations. D. Thomson (Ibid.) 
goo w. 

5263. Steam and Electric Power. J. J. 
Wright (C E N-July.) 2700 w. 

5277. Magnifying Vibrations by the Aid of 
Electricity. Ill. (W E-July g.) goo w. 

*5282, Fabrication Industrielle de l’Ozone. 
Ill. (Misc.) 1000 w. 

*5309. The Use of Water-Power for Electri- 
cal Purposes. IV. Ill, Norman F. Wilson 
(El-July 1.) 1300 w. 

*5312. Transformer Tests. Ill. J. Hop- 
kinson (E R L-July 1.) §500 w. 

*5313. Early Instances of Induction Coils, 
Condensers and Secondary Batteries in a Dy- 
namo Machine Circuit. A. M. Tanner (Ibid.) 
1000 w. 


*5327. Electrical Sub-Stations. Editorial. 


“(I L-July 1.) 2100 w. 


5347. Notes on Wiping Contact Methods for 
Current and Potential Measurement. Ill. Benj. 
F. Thomas (E A-July 16.) 1500 w. 

5351. Useof Glucinum in Electrical Instru- 
ments. Reginald A. Fessenden (E W-July 16.) 
500 w. 

5352. The Alleged Superiority of the Three- 
phase Motor. John F. Kelly (Ibid.) 800 w. 

5353. Some Remarks on Dobrowolsky’s Re- 


750 

= 


ply to the Attack on Multiphase Current Systems. 
Chas. Proteus Steinmetz (Ibid.) 1400 w. 
5367. Some Views of Central Station Work. 
XVIII. Ill. T. Carpenter Smith (Misc.) 2000 w. 
5368. A Central Station Method of Locating 
Grounds on Arc Circuits. Ill. Edgar E, Stack 
{E E N Y-July 13.) r100 w. 


5369. Les Nouvelles Installations de |’Insti- 
tut Electrotechnique Montefiore. Ill. Eric 
Gerard (El P-July 2.) 2500 w. 

ELECTRIC LIGHTING. 
4863. Long-Distance Transmission for 


Lighting and Power. Ill. Charles F. Scott 


(E E N Y-June 15.) 3100 w. 


4867. The Efficiency of Incandescent Lamp 
Filament. Samuel D. Collett (Misc.) 1500 w. 
4981. The Commercial Rating of Incandes- 


cent Lamps. Ill. Charles Wirt (E E N Y- 


June 22.) 800 w. 


4986. Leonard’s New Three-Wire System. 
H. Ward Leonard (Ibid.) 1000 w. 


*5052. L’Alternateur Mordey-Victoria. 
Em. Dieudonné P-June 18.) 1800 w. 


5057. Rates for Electric Lighting. C. W. 
Swoope (Misc.) 800 w. 

5060. The Silvey Electric Headlight. II. 
W. L. Smith (E W-July 2.) 1100 w. 

5065. Some Incandescent Lamp Curves and 


Some Wire Calculations Without Tables or 
Diagrams. Ill. E. P. Roberts (Ibid.) 1600 w. 
5070. The Lamp Filament Patent Decision 


in favor of the Edison Lamp Company (E R N 
Y-July 2.) 2800 w. 


*s120. Figures for Electric Light Produc- 
tion. V. W. H. Booth (E R L-June 17.) 
2000 w. 

*5122. Electric Lighting at Sophia (Ibid.) 
3700 w. 

*5156. The Practical Management of an 


Arc Light Installation (Eng L-June 24.) 2900 w. 


5178. A Useful Incandescent Lamp Dia- 
gram. Ill. E. Roberts (E E N Y-July 6.) 
250 w. 

5198. A Life and Efficiency Test of Incan- 


diescent Lamps. I. C. F. Thomas, P. Martin, 
and R. H. Hassler (S E-July 2.) 2100 w. 
5223. Electric Lighting in Milan. 
W-July 9.) 1200 w. 
5224. Some Special Features of the Central 


Stations of the Louisville Electric Lighting 
Company. Ill, H. K. Hitchcock (Ibid.) 


Ill. (E 


1300 w. 
5262. Carbons. H. O. Fisk (C E N-July.) 
3800 w. 
5265. Financial Aspects of Electric Light- 
ing. Mr. Parker (Ibid.) 2000 w. 


*s281. La Lumiére de |’Arc Voltaique. III. 
{Misc.) 2500 w. 

5348. <A Life and Efficiency Test of Incan- 
descent Lamps. II. C. F. Thomas, P. Martin, 
and R. H. Hassler (S E-July 9.) 2200 w. 
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GAS ENGINEERING. 

*4941. A Description of a Six-Lift Gas- 
holder and Tank Now Being Constructed at 
East Greenwich (G W-June 11.) 3700 w. 

4947. Notes on the Enrichment of Coal Gas 
with Liquid Hydrocarbons. T. 5S. Lacey (P A- 
June 15.) 4000 w. 

4948. Notes on Oil-Gas Manufacture. 
Browne (Ibid.) 3200 w. 

4949. The Construction and Operation of 
Half-Depth Regenerative Furnaces for Firing 
with Cheap Coal. W. H. Odidrne (A G L J- 
June 20.) 5500 w. 


A.F. 


4951. Practical Photometry Simplified for 
Daily Use. B. E. Chollar (Ibid.) 6500 w. 
*4962. On Valves for Gas Furnaces, IIl. 


J. W. Wailes (E-June ro.) 1300 w. 

*so017. President's Address Before the In- 
corporated Gas Institute. W.A. Valon (JG L- 
June 14.) 12,500 w. 

*s5095. Steam Applied as an Aid to the Re- 
vivification of Oxide of Iron ‘‘In_ Situ.” 
Frederick G. Dexter (J G L—June 21.) 3900 w. 

*s5096. Some Analyses and Lighting Values 
of English Coal Gas Made during 1891. Ill. 
Wm. Foster (Ibid.) 2200 w. 

*s097. A Century of Work on the Develop- 
ment of Light from Coal Gas. Vivian B. Lewes 
(Ibid.) 6500 w. 

*so98. The Production of Oil Gas from 
Russian Petroleum. Vivian B. Lewes (Ibid.) 
5000 w. 

+5213. Structural Capacity and Cost of Gas- 
works. W.R. Chester (G E M-Special Supple- 
ment.) 5000 w. 

+5214. ‘The External Vertical Standards of 
Gasholder Framework. Ill. Mr. Walmisley (Ibid.) 
10,000 w. 


+5215. Cantilevers and Cantilever Gashold- 
ers. Ill. William Gadd (Ibid.) 3500 w. 
+5216. Notes on the Thermic or Heat Meas- 


urement of Combustible Gas, Describing the 
Berthelot-Mahler Calorimeter. Mr. Thwaites 
(Ibid.) 2000 w. 

§228. An Experience in Levelling-Up Re- 
fractory Holder Tanks. Henry F. Allen (AG 
L J-July 4.) 650 w. 

5229. Recent Researches on the Heat of 
Combustion of Coal (Ibid.) 2000 w. 

5241. A Description of a Six-Lift Gas-holder 
and Tank Now Being Constructed at East Green- 
wich, England. Frank Livesey (PA-July 1.) 
3600 w. 

5271. The Improvement of Gas-Burners. 
June 28.) w. 

5272. Gas Wasted at Gas-Works. 
H. Humphreys (Ibid.) 1500 w. 

5273. Testing the Illuminating Power of 
Coal Gas. George E. Davis (Ibid.) 2700 w. 

5274. An Automatic Retort-House and Coal- 
Store. Ill. (Ibid.) 1700 w. 

+5315. Cost of Producing Power in the In- 
ternal Combustion Engine. Barton H. Coffey, 
Carl Hering, J. Bogart, and Paul A. N. 
Winand ( Misc.) 5500 w. 
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HYDRAULICS, 


+5023. Bangalore Water-Supply (I E-May 
21.) 1200 w. 


+5024. Irrigation in Burma. 
(Ibid.) 1250 w. 

5221. 
Wheels. 
5250. 
de Seine. 
2600 w. 

5258. The Venturi Water Meter. 
July 7.) 3400 w. 

*5268. A Department of Irrigation Engi- 
neering at Universities. C. E. Grunsky (1S F- 
July.) 1250 w. 

5355. The New Water-Works at Peoria, IIl. 
Ill. (E N-July 14.) 1600 w. 

5362. Distribution Mains and Fire Service. 
I, Ill, J. T. Fanning (Ibid.) 3500 w. 


D. Joscelyne 


The Automatic Regulation of Water 
F. E, Pritchard (E W-July g.) 700 w. 


La Question de I'Eau en Eté. L’Eau 
Max de Nansouty (GC-June 18.) 


Ill. (E N- 


INDUSTRIAL CHEMISTRY. 


*4940. The Chemical Theory of Lead Ac- 
cumulators. I. Ill. M. G. Darriens (ER L- 
June 10.) 3700 w. 

*4943. Composition of Artificial Crystals of 
Calcium Phosphate. H. W. Wiley and W. H. 
ame (C T J-June 11) 3500 w. 


*5027. Sur Quelques Faits Touchant |’His- 
toire Chimique du Nickel. P. Schutzenberger 
(M I-June 14.) 2100 w. 

*5121. The Chemical Theory of Lead Ac- 
cumulators. II, Ill. M.G. Darriens (E R L- 
June 17.) 1200 w. 

*5144. The Chemical Theory of Lead Ac- 


cumulators. III. M. G. Darriens (E R L-June 
24.) 3800 w. 


*5157. The Alkali Act and Chemical Works. 
Editorial (Eng L-June 24.) 1700 w. 

*5184. The Electrolytic Production of 
‘*Bleach” and Alkali, Desmond G. Fitz- 
Gerald (I L-June 24.) 1500 w. 


*5365. The Chemistry of Rubber Ingredients 
and Adulterants. Ill. Henry J. Williams 
(IR W-July 15.) 1250 w. 


INDUSTRIAL SOCIOLOGY, 


Capital’s Need of High-Priced 
Labor. W. E. Partridge (E Mag-Aug.) 3000w. 


+4903. The Settlementof Industrial Disputes 
by Law. W. L. Stobart (W R-June.) 1600 w. 


4953. Miners’ Opinion on Needed Legis- 
lation. Theo. B., Comstock, Ellis Clark, Max 
.Boehmer, Henry Fulton, and R. S. Morrison 
(M I T-June 16.) 2100 w. 


* 4853. 


4978. The Necessity for a Law Licensin 
Steam Engineers. Jos. Haering (S E-June 18) 
1100 w. 

+5037. The Coal Supply and the Reading 
Leases, A. A. McLeod (F-July.) 3000 w. 

+5039. The Consumer. Isaac L. Rice (Ibid.) 
3300 w. 

+5040. The Standard Oil Trust: The Gospel 
of Greed. Roger Sherman (Ibid ) 6200 w. 
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5042. Definition of Interstate Commerce by 
the Supreme Court (R R-June 25.) 2000 w. 

*s5048. Trusts” and ‘‘ Futures.”” Editorial 
(Eng L-June 17.) 1900 w. 

5134. The ‘‘ Back Piling” 
Dams and Obstructions. 
June 30.) 1300 w. 

*5146. The Tactics of the Durham Miners. 
and Their Influence on Trade. Editorial (C G- 
June 24.) 1800 w. 

+5217. The Operation of Electric Railroads 
Without Compensation to the Abutting Owner. 
J. K. Blake (Misc.) 1250 w. 

*5267. Profit Sharing. 
2700 w. 

5298. Relations of the Public to the Rail- 
roads of the Country. President Roberts(R R- 
July 9.) 1400 w. 

*5344. Lines of Least Resistance. 
J. Shriver (G R-July.) 2500 w. 


LANDSCAPE ENGINEERING, 


5170. Simplicity in Landscape Art. Editorial 
(G & F-July €.) 1400 w. 


MARINE ENGINEERING. 


of Water by 
Peter Hogan (E N- 


Il. (IS F-July.) 


Edward 


*4957. The Brazilian Twin-Screw Steamer 
‘**Pelotas.” Ill. (E-June 10.) 1000 w. 
*so74. Engineers in the Navy. Editorial 


(E-June 17.) 5100 w. 

*5088, War Ships Building in 1892 (Misc.) 
1500 w. 

5091. The United States Battle-Ship 
‘* Texas.” Ill. (A M-June 30.) 1450 w. 

*5183. Engineers inthe Royal Navy. Harry 
Williams (I L-June 24.) 1400 w. 

*5305. On the Problems of Steam-Ship Pro- 
pulsion, Robert Manse (Eng L-July 1.) 1500 w. 

*5330. American Naval Engineers. Editorial 
(E-July 1.) 2000 w. 

MECHANICAL ENGINEERING. 

4898. The Lindner Starting System for Com- 
Locomotives, (E N-—June 16.) 3000 w, 

4904. Why Not Make Staybolts Larger? 
Ill. Stays” (R G-June 17.) 850 w. 

*4918. Fan Fallacies. Editorial (P Eng- 
June 10.) 1500 w. 

*4919. On the Production of Pure Iron and. 
Steel. H. Dyer (P Eng-June 10.) 1200 w. 

4933. A Short Sermon on Pulleys. C. R. 
7 (A S-June 18.) 1250 w. 

4991. When to Discard a Machine Tool. 
Editorial (Misc.) 650 w. 

*4996. Application du Bois de Gaiac dans. 
les Coussinets et Piéces de Frottements de 
Machines et Patins de Freins en Bois de Gaiac. 
Ill. G. Foris (G C-June 11.) 1750 w. 


*4997. Régulateur-Compensateur Propor- 
tionnel de Vitesse. Ill. Schield-Treherne 
(Ibid.) 600 w. 


5000. A New Machine for Boring and Turn- 
ing Pulleys Ill. (A M-June 23.) 1500 w. 

5093. What is ‘‘ Accuracy.”? Editorial (A 
M-June 30.) 800 w. 
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+5100. Les Moteurs Thermiques Autres Que 
la Machine 4 Vapeur. Ill. Herman Hubert 
(R U M-May.) 14,000 w. 

*5102. Wood Versus Iron for Flywheels and 
Pulleys. Editorial (P Eng-June 17.) 1000 w. 

*5192, A New Feature in Elevating and 
Conveying Machinery. III. (Misc.) 1000 w. 

5197. Pattern Making. V. Ill. P.S. Din- 
gey (A M-July 7.) 1200 w. 

*s2o1. Ascenseurs 4 Flotteurs pour Bateaux. 
Ill. T. C. H. (G C-June 25.) 15,000 w. 

*s5211. A Brake Power Paradox. Editorial. 
(E-June 24.) 1000 w. 

5259. Summary of Results of Principal Ex- 
perimental Measurements of Performance of 
Kefrigerating Machines. (E N-July 7.) 5000 w. 

5270. Surface Plates. Ill, Albert D. Pentz 
(M Kk-July 8.) 1750 w. 

45317. Errors in the Design of Pulleys and 
ee A. N. Lukens (Misc.) 1500 w. 

*5339. Designing a Crank Handle. A. 
D. Pentz (Misc.) goo w. 

5342. Cogging Wheels. I. Ill. 

Horner (A M-July 14.) 1000 w. 
METALLURGY. 

4862. Practical Notes on the Electrolytic Re- 
fining of Copper. Ill. F. B. Badt (E E N Y- 
June 15.) 3500 w. 

4887. Exposé de la Théorie Cellulaire des 
Proprictés de l’Acier. L. Baclé (G C-June 4.) 
5300 w. 

4911. 


Joseph 


Magnetic Separation of Iron Ore, II. 


Ill. Axel Sahlin (E M J-June 18.) 3400 w. 


Von Schulz & Low’s Method of Esti- 
J. E. Williams (Ibid.) 


4912. 
mating Lead in Ores. 
1200 w. 

*4934. The Manufacture and Application of 
Chilled Cast Iron (Gruson’s System). E. Reimers 
(C G-June 10.) 7000 w. 

*4935. The Waste Products from Iron and 
Coke Works Alfred E. Fletcher (Ibid.) 1000 w. 

*4946. Electro-Metallurgy. Joseph Wilson 
Swan (E E L-June 10.) 6000 w. 

*4967. Metallic Carbonyls. Ill. 
Mond (Eng L-June 10.) 2600 w 

5002. The Treatment of Steel. 
chanic ” (A M-June 23.) 1800 w. 

5011. Magnetic Separation of Iron Ore. III. 
Ill. Axel Sahlin (E M J—June 25.) 4500 w. 

5013. The Ore Dressing and Smelting Works 
at Casapalca, Peru. Otto F. Pfordte (Ibid.) 
goo w. 

5029. Sulphur in Southern Pyrites and Its 
Manufacture. Herman Poole (M R-June 24.) 
2700 w. 

5030. Methods of Iron Ore Concentration. 
Birkinbine (Ibid.) 25co w. 

5044. Denver's Great Gold and Silver Works. 
Ill. (M I T-June 23.) 3200 w. 

*so45. Castings in Metal. Alexander Gra- 
ham, C. Krall, H. Longden, W. Herbert Singer, 
J. M. Brydon, Onslow Ford, George Simonds, 
J. Starkie Gardner, Prof. Aitchison, and others 
(I-June 17.) 10,000 w. 


Ludwig 
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*5077. On Platinum Pyrometers. Ill. H. L. 
Callendar (E-June 17.) 5400 w. 

5079. Calcined Magnesite Lining in the 
Martin-Siemen Furnace (A M & I W-June 24.) 
w. 

*s5087. Apparatus for Casting Cannon, Ill. 
(Mise. ) 1600 w. 

5090. Melting Cast-Iron in Cupolas, 
S. Bolland (A M-June 30.) 2300 w. 

*s115. New System of Hot-Charging and 
Hot-Piling Puddle Bars. Il]. R. R. Gubbins 
(I L-June 17.) 2100 w. 

*s5141. Hydraulic Mortars from Slag. M. 
Miller (I-June 24.) 1220 w. 

*5148. Dephosphorizing Iron Ores. 
J. May (C G-June 24 ) 600 w. 

*5155. A Method of Coating Steel with Cop- 
per (Eng L-June 24.) 1000 w. 

*s1g4. The Chase Magnetic Ore Separator. 
Ill. Harvey S. Chase (Misc.) 2200 w. 

5195. Hardening Steel Dies.  Iil. 
Spalding (A M-July 7.) 2000 w. 

5196. Designing Castings, Formation, Crys- 
tallization and Shrinkage of Cast-Iron. Ill. Jos. 
P. Mullin (Ibid.) 1300 w. 

5230. The Rocky Mountain Lead Industry. 
(Met W-July 2.) 2200 w. 

5266. The Cyanide Process for Working 
Sulphuret Ores. Ill. Almarian B. Paul, C. Hl. 
Aaron, Louis Blanding, H. W. Butler. Wm. D. 
Johnston, Wm. Jones, J. S. MacArthur and 
others (MS P-July 2.) 27,000 w. 

5288. Geology and Metullurgy of the New 
Caledonian Nickel Ores. Ill. David Levat 
(E M J-July 9.) 2300 w. 

*5340. Foundry Mixtures. 
(Misc.) 2500 w. 

5341. Melting Cast-Iron in Cupolas. II. Ill. 
S. Bolland (A M-July 14.) 2500 w. 

5361. TheGranulation of Iron Ore By Means 
of Crushers and Rolls. Axel Sahlin (E N-July 
14.) 3400 w. 

MILITARY ENGINEERING. 


4875. The Recent Development and Progress 
of Gun Manufacturing in the United States. I, 
W. H. Jaques (Misc.) 2700 w. 

4888. La Balistique Exteérieure. 
(G C-June 4.) 2800 w. 

*4955. Modern United States Artillery. XII. 
Ill. (E-June ro.) 1150 w. 

*4956. Canetv. Krupp. III. P. M. V. (Ibid.) 
2400 w. 

*4959. 
2000 w. 

*4965. The Pneumatic Dynamite Sea-Coast 
Gun. Ill. (Eng L-June 10.) 4000 w. 

4989. The Recent Development and Prog-* 
ress in Gun Manufacturing in the United States. 
II. W.H. Jaques (Misc.) 2200 w. 

+5038. A Glance at the European Armies. 
Theodore Ayrault Dodge (F-July.) 6200 w. 

*s5046. The Measurementof Velocities by the 
Use of the Phenomena of Sound. lil. (Eng L- 
June 17.) 2800 w. 


Il. I. 


Walter 


B. F. 


J. M. Warner 


G. Foris 


Magazine Rifles. Editorial (Ibid.) 
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*5073. Modern United States Artillery. 
XIII. Ill. (E-June 17.) 2100 w. 

*s1or. The Development of Magazine Rifles. 
Waiter H. James (Inv—June 18.) 2000 w, 

*5158. Captain Noble on Friction in Bores 
of Guns, Editorial (Eng L—June 24.) 1000 w. 

+5162. The Development of American Armor- 
Plate. III. Ill. F. Lynwood Garrison (J F I- 
July.) 6300 w. 

*5243. Smokeless Powders. Charles H. 
Clark (J M S I-July.) gooo w. 

+5244. The German Torpedo Shell. E. L. 
Zalinski (Ibid.) 1000 w. 

+5245. The Importance of Smokeless Powder 
in War (Ibid.) 6000 w. 

*5328. Modern United States Artillery. 
XIV. Ill. (E-July 1.) 3100 w. 
MINING. 

*4850. Gold-Mining in the Black Hills. Il!, 
Harry M. Hanson (E Mag—Aug.) 3000 w. 

4884. Copper and Iron in Carroll Co., Md. 
(M R-June 17.) 1400 w. 

4886. Etude sur le Cable de Mot. Nouvelle 
Installation du Puits B, au Si¢ge No. 5 des 
Mines de Marles, Ill. J. Doury (G C-June 4.) 
3900 w. 

4901. Big Granite Quarrying. Ill. W. L. 
Saunders (S—June.) 2400 w. 

4913. The Mines and Mills in Pribramin 
Bohemia. II. Ill. John W. Meier (E M J- 
June 18.) 1250 w. 

*4914. The Economic Geology of Copper. 
II. Ill. H. A, Wheeler (C E-June.) 1800 w. 

*4915. Extraction of Ore from Wide Veins or 
Masses. Il. G. D. Delprat (Ibid.) 3500 w. 

= Missouri Coal (Ibid.) 3100 w. 

4925. American Tin Mining. Ira Ayer 
{R & T-June.) 2300 w. 

*4936. The Redemption of Capital Invested 
in Collieries. H. D. Hoskold (C G-June ro.) 
1400 w. 

*4937. Coal Washing and Cleaning. I. 
Ww. _ J. May (Ibid.) 2300 w. 

*4938. MinesSurveys. VII. Ill. F. Jno. 
Franklin (Ibid.) 1000 w. 
4950. The Origin of Coal and Petroleum. 
A. E. Forstall (A G L J-June 20.) 5000 w. 
4952. Colorado’s Great Gold District. Ill. 
{M I T-June 16.) 1600 w. 

4954. The California Tin Mine (Ibid.) 
1000 w. 

4976. Electricity in Bituminous Mining. IIl. 


Elmer A. Sperry (E W-June 25.) 4700 w. 


4990. Butte Copper Mines. I. (Misc.) 
3800 w. 

*4994. La Dynamite: Son Influence sur la 
Sante des Mineurs. P. F.Chalon (G C-June 
II.) 2200 w. 

5012. The Mines and Mills in Pribram in 
Bohemia. Ill. III. John W. Meier(E M J- 
June 25.) 1900 w. : 

5014. Bismuth Mining in Australia. W. 
Bertrand Roberts (Ibid.) 1800 w. 


5015. The Surveying of Mines. John L. 
Culley (Ibid.) goo w. 

5022. Dolores County, Colorado. Ill. C. L. 
Hall (F & M R-June 25.) 4009 w. 

5031. Tinin North Carolina. C, Ad. Mezger 
(M R-June 24.) 750 w. 

5080. Have we a Prime Lithographic Stone? 
Editorial (M S R-June 23.) 450 w. 

*s114. Coal Washing and Cleaning. II. 
Walter J. May (C G-June 17.) 3300 w. 

5125. A Preliminary Sketch of the Phosphates 
of Florida. George H. Eldridge (M R-July 1.) 
2400 w. 

*5140. The Mineral Statistics of the United 
Kingdom for 1891 (I-June 24.) 1700 w. 

*5147. The Warwickshire Coalfield. M. E. 
(C G-June 24.) 2000 w. 

*s149. Sudden Outbursts of Gas at the 
Besseges Colliery, France (Ibid.) 2400 w. 

*5150. Improvements in Colliery Engines 
(Ibid.) goo w. 

5182. The Ore Deposits of Newman Hill, 
I. John B, Farish (M S R-June 30.) 1200 w. 

5205. Coal-Washing and Separating Plant 
at Zollern, near Dortmund, Germany. III. 
(E M J-July 2.) 1200 w. 

5206. The Mines and Mills in Pribram in 
Bohemia. Ill. IV. John W. Meier (Ibid.) 
w. 

5236. Sonora, Mexico. Theo, F. Van Wag- 
ener (F & M R-July 2.) 1500 w. 

*5254. L’Industrie Mini¢re en Russie en 
18g1. G. A. Rechtsemer (G C-June 18.) 2200 
w. 

5257. Florida Phosphate Mining. B.(E N- 
July 7.) 1000 w. 

5285. The Mines and Mills in Pribram in 
Bohemia. V. John W. Meier (EM J-July 9.) 
1500 w. 

5286. The Iron Ores of the Marquette Dis- 
trict. Ill, C. R. Van Hise (Ibid.) 1300 w. 

5289. A Southern Gold Mine: King’s Moun- 
tain, N.C. Ill. (Ibid.) goo w. 

5294. The Hydraulic in Siberia. Editorial 
(M I T-July 7.) goo w. 

5300. Preparation and Utilization of Small 
Sizes of Anthracite. Eckley B. Coxe and Axel 
Sahlin (RK R-July g.) 2200 w. 

*5308. Varieties and Uses of Mica. Geo. 
P. Merrill (I-July 1.) 1000 w. 

*5311. Lord Durham’s Electric Mining In- 
stallation. D. Selby Bigge (E R L-July 1.) 
1750 Ww. 

+5316. The Cost of Power in Mexico and 
Our Western Mining Regions. A. Falkenau 
and A. L., Eltonhead (Misc.) 4400 w. 

*5321. The Robbingof Pillars. Ill. A.A. 
Atkinson (C E-July.) 3500 w. 

*5322. The Coal-Dust Theory. W. Walker 
(Ibid.) 6500 w. 

*5323. Testing for Gas in Coal Mines. 
Professor Clowes (Ibid. ) 2000 w. 

*5324. Explosions in Coal Mines. J. B. 
Atkinson (Ibid.) 7500 w. 
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5326. The Ore Deposits of Newman Hill. 
II. John B. Farish (M S R-July 7.) 1400 w. 

*5335. The Future of the Russian Coal 
Trade (C G-July 1.) 1300 w. 

*5336. Mine Accidents and Their Preven- 

tion. I. Charles de Sinner (Ibid.) 2900 w. 

*5337. Observations on Petroleum in Eastern 
Europe and the Method of Drilling for It. 
I. Arthur W. Eastlake (Ibid.) 2700 w. 

5366. The Mines of CalaverasCounty. E. H. 
Schaeffle (M S P-July 9.) 4ooo w. 


RAILROADING, 


*4855. The Railway of the Future. Ober- 
lin Smith (E Mag-Aug.) 3000 w. 

*4856. Compressed Air for Street Cars. Her- 
man Haupt (Ibid.) 3000 w. 


4864. Series Electric Traction. Ill. Nelson 
W. Perry (E E N Y-June 15.) 1600 w. 

4865. A New System of Electric Propulsion. 
Ill. H. Ward Leonard (Ibid.) 2300 w. 

4866. Coming Development of Electric 
Railways. I. Frank J. Sprague (Ibid.) 1400 w. 

4893. The Hunt Industrial Railways. Ill. 
{E N-June 16.) 1600 w. 

4896. The Irregular Wear of Locomotive 
Driving-Wheel Tires. Ill. E. M. Herr (Ibid.) 
‘2100 w. 

4905. Emergencies on Railroads. 
M. Bolton (R G-June 17.) 1600 w. 

4907. Night Signaling, Past and Present. 
Arthur H. Johnson (Ibid.) 1200 w. 

4909. Locomotive Cylinder Power Consumed 
Ahead of First Car. Ill. Editorial (Ibid.) 
2100 w. 

*4960. Colonial Railways Compared. Edi- 
torial (E-June 10.) 2600 w. 

*4961.  England’s Foreign Market for Rails, 
Editorial (Ibid.) rooo w. 

*4966. The Jarman System of Electric 
‘Traction. Ill. (Eng L-June 10.) w. 

4974. Electricity and Its Relation to Trans- 
portation. Ill. Chas. Selden (E R N Y-June 
25.) 5200 w. 

4984. Epicylic Gearing for Electric Cars and 
Elevators. Ill. Wm. S. Aldrich (E E N Y- 
June 22.) Ig00 w. 

*4993. Le Réseau de la Compagnie de 
l'Ouest et la Banlieue. Ill. M. N. (G C-June 
1I.) 4500 w. 

+5003. Railway Safety Appliances. 
Haines (N A R-July.) 2000 w. 

5005. A Great Switch and Signal Plant. IIl. 
{E N-June 23.) 2200 w. 

5007. Railway Construction in the Southern 
States. Ill. Editorial (Ibid.) 1ooo w. 

5018. Basic and Acid Steels for Fireboxes. 
“George W. Goetz (R G-June 24.) 1200 w. 

5019. Electric Motors as Substitutes for 
Steam Locomotives. Arthur T. Woods (Ibid.) 
2500 w. 

5020. The Proposed Dalles Boat Railroad. 
Ill. (Ibid.) 2100 w. 


Channing 


H. S. 
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5021. Motive Power for Street Railroads. 
Alfred F. Sears (Ibid.) 1600 w. 

5041. Full Report of the Committee on 
Compound Locomotives to the American Rail- 
way Master Mechanics’ Convention at Saratoga. 
Ill. (R A-June 24.) 17,000 w. 

*s5049. English and American Locomotives. 
Editorial (Eng L—June 17.) 2000 w. 

5059. The Chicago & St. Louis Electric 
Railway. To whom belongs the credit of its 
features? R. M. Hunter (E W-July 2.) goow. 

5068. The Block Signals of the Present, and 
What is Required for the Future. J. B. Stewart 
(Ibid.) 2000 w. 

5069. The Government Time System in its 
Relations, Practically, to Railroad Matters. 
W. A. Gardner (Ibid.) 1400 w. 

5071. The Fulmen Arrester. IIl. 
Van Nuis (E R N Y-July 2.) 300 w. 

*5075. Economy of Labor on American Rail- 
ways. Editorial (E-June 17.) 2000 w. 

*5086. Compressed Air Traction for City 
Railroads (Misc.) 1450 w. 

+5099. Traction Electrique et Tramways. 
C. Blanchart (R U M-May.) 7000 w. 

5111. Points on Power Stations. III. 
Lee Church (E E N Y—-June 29.) 1500 w. 

5112. Storage Batteries in Railway Work. 
Ill. A. Macrae (Ibid.) 1400 w. 

*5138. Three-Rail Turnouts for Double- 
Gauge Tracks. III. James K. Geddes (RA- 
E J-July.) 1300 w. 

5151. President Jeffery on Western Rail- 
roads (R R-July 2.) 2000 w. 

5152. The Legality of Car Service Charges. 
Decision of the Georgia Supreme Court (Ibid.) 
4000 w. 

5153. Findings of the Interstate Commerce 
Commission in the Eau Claire Lumber Case 
(Ibid.) 4200 w. 

*5160. Proposed Railway Extensions in 
Japan. Editorial (Eng L—June 24.) 1100 w. 

5171. Possibilities of Electric Railroading. 
W. A. Johnston (E R N Y-July 9.) 1700 w. 

5179. Relative Proportionsin Railway Power 
Plants. Ill, Wm. Lee Church (E EN Y-July 
6.) 2500 w. 


Wm. 


*5185. The Manufacture of Rolling Stock. 
Ill. (Misc.) 3000 w. 


*5186. The Melbourne 
Ill. (Misc.) 3000 w. 


5189. Earliest Instructions for Enginemen 
(L E-July.) 1800 w. 


+5218. A New Method of Controlling Street 
Cars. Ill. M.D. Law (Misc.) goo w. 


+5219. The $350,000 Cable Road and the 
$46,000 Electric Koad. Cable Railways” 
(Misc.) 3500 w. 

+5220. The Railway Problem of Chicago, in 
Relation to Terminals, Rapid Transit, Marine 
Commerce,and Related Interests (J A E S—May.) 
26,000 w. 


5225. 


Cable Tramways. 


Electric Railway Motor Tests.  IIl. 
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Geo. D. Shepardson and Edward P. Burch 
(E W-July 9.) 3700 w. 

5231. The Licking River Bridge Wreck. 
Ill. Ward Baldwin (R G—July 1.) 1000 w. 


5232. Railroad Building in 1892. Fditorial 
(Ibid.) 700 w. 
5233. The Harrisburg Collision. Editorial 


(Ibid.) 1700 w. 

5234. Building the Baltimore & Ohio Rail- 
road. I. Mendes Cohen (Ibid.) 5000 w. 

5235. Record of New Track Laid in the 
United States, Canada, and Mexico, Jan. I to 
July 1, 1892 (Ibid.) 1500 w. 

*5253. Utilité des Chemins de Fer d’Intérét 
Local. H. Heude (G C-June 18.) 4500 w. 

5256. Possible Braking Power with Electric 
Traction. Ill. Editorial (E N-July 7.) 1800w. 

5264. Possibilities of Electric Railroading. 
W. A. Johnson (C E N-July.) 1800 w. 

5275. Handling Freight Cars in England 
(R G-July 8.) 1000 w. 

5276. Building the Baltimore & Ohio Rail- 
road. II. Mendes Cohen (Ibid.) 3900 w. 

*5279. The Pan-American Railway. Editor 
Panama Star and Herald (G G M-July.) 1300 w. 

5284. A Promised Revolution in Wagon 
Traffic and Street Car Service (S R G-July 4.) 
goo w. 

5295. Freight Car Equipment. H. A. Hodge. 
(R A-July 8 ) 1750 w. 

5296. The New Illinois Central Shops. III. 
(Ibid.) 1750 w. 

5297. How Scrap Rails are Utilized in India. 
Ill. ‘* Railroader” (R R-July g.) 600 w. 

5299. The Manufacture of Transverse Steel 
Sleepers of the Inseparable Clip Type for Per- 
manent Way. Ill. Herbert Kelway Bamber 
(Ibid.) 1700 w. 

5301. Mixed Traffic Locomotive, Great East- 
ern Railway, England. Ill. (Ibid.) 1000 w. 

*5306. Locomotive Engines in New South 
Wales (Eng L~—July 1.) 8000 w. 

*5307. La Securité sur les Chemins de Fer. 
‘* EL” (M I-June 28.) 650 w. 

*5310. Electric Traction, the City and South 
London Electric Railway. G. A. Grindle (El- 
July 1.) 4600 w. 

*5331. Formosa and Its Railways. 
Ill. (E-July 1.) 3000 w. 

*5332. Permanent Way Construction, Espe- 
cially as Regards Wear and Tear and Depreci- 
ation. Ill. F. Arnall (E E L—July 1.) 4000 w. 

*5333. Electric Traction for Tramcars. L. 
Epstein (Ibid.) 2600 w. 

%*5334. Electric Tramcar Traction. 
Jarman (Ibid.) 2700 w. 

5359. Progress on New York’s Rapid Tran- 
sit Scheme. Editorial (E N-July 14.) 1200 w. 

5360. Notes on Italian Railway Practice 
(Ibid.) 800 w. 


SANITARY ENGINEERING, 


*4870. Historical Retrospect of Sanitation. 
II. Patrick Hehir (I E-May 14.) 1500 w. 


A. J. 


CURRENT TECHNICAL LITERATURE, 


4877. The Ventilation of Sewers. Charles. 
Baillarge (P-June.) 2000 w. 

*4942. The Ethics of Sewage Treatment. 
Editorial (C T J-June 11.) 750 w. 

*4958. The Disposal of Sewage from Isola- 
ted Dwellings. Editorial (E-June 10.) 2300 w. 

+5026. Historical Retrospect of Sanitation. 
III. Patrick Hehir (I E-May 21.) tg00w. 

*s5094. The Purification of Water by Chemi- 
cal ‘Treatment. Willis G. Tucker (B P-June.) 
3800 w. 

5133. The Pollution of Streams. 
Bryce (E N-June 30.) 1250 w. 

5247. Sewage Disposal at Wayne, Pa. III. 
Geo. E. Waring, Jr. (A A-July 2.) 2900 w. 

5261. How Sewage is Disposed of by Chemi- 
cal Means in England. J. F. Flagg (S A- June.) 
II00 w. 

+5350. Errors in Ventilation, II, 
Henry Thayer (San-July.) 1200 w. 

5358. Sewage Purification in America, I. 
(E N-July 14.) 1750 w. 

STEAM ENGINEERING. 


4889. The Down-Draft, Water-Tube, Grate- 
Bar Boiler. J. M. Stroder (S E-June 11.) 
1500 w. 

4906. Tests of Illinois Central Suburban 
Locomotive. Ill. (R G—June 17.) 4500 w. 


P, H. 


Wm. 


4908. Common Sense About Exhaust Ap- 
paratus. Ill. Editorial (Ibid.) 750 w. 
*4968. The Influence of Steam Jackets. 


Editorial (Eng L-June 10.) 1250 w. 

*4970. Application of One, Two or Three 
Steam Jackets to a Triple Condensing Engine. 
Bryan Donkin, Jr. (Ibid.) 500 w. 

5010. Old Times in Steam Heating. Arthur 
C. Walworth (Met W-June 25.) 2200 w. 


5034. Sub-Division of Power. (B J C-June 
25.) 1100 w. 
5058. Concerning Steam Boiler Explosions... 


Thomas Mason (S E-June 25.) 1900 w. 
5092. Pitting in Boilers.§ W. H. Booth 
(A M-June 30.) goo w. 


*5103. The Diagram Factors of Compound 
Engines. Chas. H. Innes (P Eng-June 17.) 
2000 w. 

*5142. Relative Cost of Steam and Water 
Power. (Inv—June 25.) 1300 w. 


*5143. The Economy of Condensing Engines 
Over-Rated. W. H. Booth (E R L-June 24.) 
1400 w. 

*5174. Designing Corliss Gears. Ill. I. 


James Dunlop (P Eng—June 24.) 1800 w. 

5199. Competent Firemen and Efficient 
Machinery. Walter W. Jones (S E-July 2.) 
goo w. 

5200. Results of Trial of Boiler and Engine 
of the Temple Street Cable Railway, Los Ange- 
les, Cal. (Ibid.) 2100 w. 

5207. The Duty Test and How It is Con- 
ducted. Ill. (P S—July.) 4000 w. 

5208. Use of Kerosene in Vertical Boilers 
(Ibid.) 700 w. 


4 

a 


CURRENT TECHNICAL LITERATURE. 


5209. Tests of the ‘S, C. 394” Compound. 
Wm. Kent (Ibid.) 1400 w. 

*s212. Iron ws. Steel Boiler Tubes.  IIl. 
Editorial (E-June 24.) 1000 w. 

5240. The Best Boiler Practice. Result of 
25 Years’ Experience. ‘‘ Paris, Texas” (B J C- 
July 2.) 3300 w. 

%*5314. Designing Corliss Gears. II. Ill. 
James Dunlop (P Eng—July 1.) 750 w. 

*5325. On Condensation in Steam Engine 
Cylinders During Admission. Ill. Thomas 
English (M E-July 1.) 2000 w. 

5343. The Placing of Globe Valves. 
Smith (A M-July 14.) 650 w. 

5349. Defective Construction of Boilers. 

Walter Hatch (S E-July g.) 1600 w. 


S. A. 


TELEPHONY AND TELEGRAPHY. 


4868. 
in the Northwest. 
June 18.) 2100 w. 

*4930. Le Matériel de la Téléphonie Urbaine. 
III. Ill. (Misc.) 2300 w. 

4979. Modern American Telegraphic Ap- 
paratus. III. Ill F. W. Jones (E EN Y- 
June 22.) 2600 w. 

4987. Improvement in Ordinary Telegraphy. 
Til. W.S. Amstutz (Misc.) 1500 w. 

5066. Insulation. Thomas A. Edison (E W- 
July 2.) 2200 w. 

5067. Individual Selection of Electrical Ob- 
jects. S.S. Bogart (Ibid.) 1200 w. 
5169. Operating Telephone 

Allen R. Foote (Misc.) 1600 w. 

5173. Multiple Switchboards. Mr. 
(E R N Y-July 9.) 2000 w. 

*5187. Le Matériel de la Téléphonie Ur- 
baine. IV. Ill. (Misc.) 1600 w. 

*5203. Sur la Coexistence des Réseaux In- 
dustriels 4 Courants Continus et des Réseaux 
Téléphoniques. Ill. A. Palaz(El P—June 25.) 
3200 w. 

5227. Long sper Telephony. I. 
Neilson (E W-July 9.) 1000 w. 

5354. Long Distance Telephony. II. Hugh 

Neilson (E W-July 16.) 1050 w. 


Telephonic Underground Construction 
C. P. Wainman (E R N Y- 


Companies. 


Baylis 


Hugh 


MISCELLANEOUS. 


*4851. Evolution of the Constructive Faculty. 
John M. Burnett (E Mag-Aug.) 3000 w. 


4852. Practical Hints on House-Heating. 
III. Leicester Allen (Ibid.) 3000 w. 

*4854. Underground Waters of the Arid 
Regions. Robert T. Hill (Ibid.) 3000 w. 

*4878. The Stateand the Forest. III. 
Harrison (Cos—July.) 5300 w. 

4882. A Botanical Sketch of Southern Tim- 
ber Trees. B. E. Fernow (M R-June 17.) 
3700 w. 

4899. Modern Power Plants. 
June.) 1200 w. 

4910. The Flood of Fire. 
J-June 18.) 1150 w. 


J.B. 


F. Riddell (S- 


R. W. R. (EM 
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How a Workingman Can Educate 
Himself. Editorial (C E-June.) 1200 w. 


4927. The Melting and Fining of Glass. R. 
M. Atwater (A M & I W-June 17.) 1100 w. 


*4931. Utilisation des Forces Naturelles. Les 
Moteurs Marins. II. Ill. (Misc.) 7oo w. 

4932. Graphite as a Lubricant. Jos. Dixon 
Crucible Co. (A S—June 18.) 1200 w. 

*4969. Gaseous Fuel for Burning Portland 
Cement. Editorial (Eng L-June 10.) 2400 w. 

4973. The Woods of Minnesota. H. B. 
Ayres (G & F-June 22.) 1200 w. 

*4995. La Pluie Artificielle. 
man (G C-June II.) 2000 w. 

5001. The Relation of Volume to Tempera- 
ture in Gases. Leicester Allen (A M-June 23.) 
700 w. 

*5004. Peary’s North Greenland Expedition 
and the Relief. Ill. W.E. Hughes and Ben- 
jamin Sharp (Misc.) 4600 w. 

5028. The Southern Pines. 
(M R-June 24.) 3000 w. 

*5043. Lumbering in Washington. Ill. F. 
I. Vassault (O M-July.) 4ooo w. 

*soso. Aerial Navigation. 
(Eng L-June 17.) 3100 w. 

*5076. On the Present State of Our Knowl- 
edge of the Connection Between Ether and 
Matter. O. J. Lodge (E-June 17.) 1700 w. 

5078. A New Continvous Coke Oven. IIl. 
(A M & I W-June 24.) 1000 w. 

*s082. Utilisation des Forces Naturelles. 
Les Moteurs Marins. III. Ill. (Misc.) rg00 w. 

*5083. The Calorific Effect of Coal, and 
Formule for Its Determination. M. A. 
Scheurer-Kestner (M W-June 17.) 2100 w. 

+5084. The First Circumnavigation of Lake 
Chala. Ill. M. French-Sheldon (A-July.) 
5000 w. 

5124. The Hardwoods of the South. I. B. 
E. Fernow (M R-July 1.) 3400 w. 

5126. Suitability of Southern Waters for 
Bleachery Purposes. Herbert G. McKerrow 
(Ibid.) 1000 w. 

5131. Variations in Cement Testing Sieves. 
L. C. Sabin (E N-June 30.) 2500 w. 

5136. The Engineering Schools of the United 
States. XII. (Ibid.) 2800 w. 

*5159. Petroleum in the Suez Canal. 
torial (Eng L—June 24.) 800 w. 

*5188. Utilisation des Forces Naturelles. 
Les Moteurs Marins. IV. Ill. (Misc.) 750 w. 

5190. Chimneys. Wm. H. Bryan. I. (A S- 
July 2.) 1700 w. 

*5249. Les Patentes Américaines. 
Henry Japy (G C-June 18.) 5500 w. 

5269. The Hardwoods of the South. II. 
B. E. Fernow (M R-July 8.) 2600 w. 

*5280. Another New Method of Producing 
Motive Power. J. H. Parkinson (Misc.) 1800 w. 

5283. Chimneys. II. Wm. H. Bryan (AS- 
July 9.) 1700 w. 

5287. Statistics of Southern Industrial Pro- 


*4917. 


Eugene Hoff- 


B. E. Fernow 


Jos. Bernays 


Edi- 
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gress. Ill. I, Wm. B. Phillips (E M J-July 
g.) 2000 Ww. 

+5320. Effect of Heating and Heading 
Wrought Iron Bars, H. W. Spangler (Misc.) 
2500 w. 

*5338. Some Facts About Explosives, 


Vaughan Cornish (K—July 1.) 1700 w. 


CURRENT TECHNICAL LITERATURE. 


5356. The Engineering Schools of the 
United States. XIII. (E N-July 14.) 2800 w. 

*5363. Requirements of Rubber Coats for 
Miners, Albert Williams, Jr. (I kK W-July 15.) 
1250 w. 

*5364. Impurities in Steam in Rubber-Cur- 
ing. Robert Grimshaw (Ibid.) 1500 w. 


NEW BOOKS OF THE MONTH. 


[For the convenience of readers any American books will be supplied at publishers’ prices by The 
Engineering Magazine Co. Foreign books, 25 per cent. extra, | 


Aldrich, Wilbur.=Farming Corporations. 
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